Which ingredient is the secret 
of nuclla dlsc* leadership? 



/. 


NITROCELLULOSE 




2. 


PLASTICIZERS 




3. 


RESINS 


'■- .r 
^. 




OIL 


S. 


DYE 




6. 


SOLVENTS 


% 


7, 


MOISTURE RESISTING 
AGENT 





The first six of these ingredients are to be found in any lacquer 
for professional discs. The seventh is an exclusive Audiodisc 
development that provides permanent resistance to humidity. 
This, however, is a fairly recent improvement, and therefore does 
not account for the consistent uniform quality that has made 
AUDIODISCS the first choice of discriminating recordists for the 
past 10 years. 

The "seCret" lies not in any one ingredient, but in the correct 
selection, exact proportioning, and precise chemical control of 
all of them. In the ultra filtration, quality control, uncompromising 
inspection, and patented precision coating process. All of these 
factors, backed by continual research and exhaustive production 
testing, assure matchless recording quality in every Audiodisc. 

•«t«. V.S. Pel. oi. 

Audiodtset are manufactured ifi the U.S.A. under etcluuee license Iron PYRAL. S.A.R.L.. Parts 

Audio Devices, inc., 444 Madison Ave., N.Y.C. 

Export Dept.: Rocke I.nternationai., 13 East 40th St., New York 16. N.Y. 
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B|2H = I5,I00- 



1$ X 10^ Gausses (B) 





A new Magnetic Core 
Material with a rectangular 
hysteresis loop . . . 




2 mil Allegheny Deltaman 




.2 .3 .4 .5 1.0 1.5 2.0 2.5 
OersteSilH)*"'* 5' ^ 



Commercially available 

in standard sizes of 
toroidally-wound cores, 
heat treated and cased, 
ready for your use. 




Where can YOU use a Magnetic Material 
with these specialized, dependable characteristics? 



The properties of Deltamax are invaluable for 
many electronic applications, such as new and 
improved types of mechanical rectifiers, ma^^nctic 
amplifiers, saturable reactors, peaking irans- 
formers, etc. This new magnetic material is avail- 
able now as "packaged" units (casctj cores ready 
for winding and Bnal assembly) distributed by the 
Arnold organization. Every step in mani^facture 
has been fully developed; designers can rely on 



complete consistency in each standard size of core. 

Deltamax is the most recent extension of the 
family of special, high-quality electrical materials 
produced by Allegheny Ludlum, steel-makers to 
the electrical industry. It is an orientated 50% 
nickel-iron alloy, characterized by a rectangular 
hysteresis loop with sharply defined knees, com- 
bining high saturation with low coercivity, 

# Call On us /or engineering data. 
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SIX MEASURING INSTRUMENTS IN ONE! 



This -hp- Audio Signal Generator does the job of six measuring 
instruments; saves time and space, eliminates extra equipment 



I 



ludio Oscillator 

Range 20 lo 3^0,000 cps. No 
lero set. 



2* Audio Amplifier 

5 wattt output. Less than 
1% distortion. 

3* Output Vacuum 
Tube Voltmeter 

Standardized output volt* 
pget, to fSO volts. 





4« Attenuator 

1 db itep», 110 db total flt* 
tetiuation of .output ilgnal. 

5* Output Matching 
Transformer 

Impedanccf of -SO, 200, 600] 
and S^OOO ohms. 



6* Separate Vacuum 
Tube Voltmeter 

M«aiuret external voltages. 



205AG AUDIO SIGNAL GENERATOR 



Here's the compact precision instrument that gives you the measuring 
capacities and scope of 6 individual instruments, yet occupies bench space of 
but one! This famous -hl>- 205AG provides typical -h/)- accuracy and ease of 
Ojieration (no zero-set, for example) for almost any test job from 20 cjis to 
20 kc. It delivers 5 watts power with less than 1.0% distortion at the commonly- 
used impedance levels of 50, 200, 600, and 5000 ohms. Meter calibration, m 
volts and db, is based on a 600 ohm level, to conform with RMA standards. 
The instrument's output voltage ranges from 150 volts to 50 microvolts. 
Where input vacuum tube voltmeter is not required, the -hp- 205A is available. 
This instrument is identical in other characteristics to the 205AG. And, for 
supersonic measurements, the -i/)- 205 AH is provided. This instrument covers 
a frequency range of 1 kc to 100 kc and is similar to the 205A. For full 
details of any of these rugged, long-lasting -/j/)- instruments, write or wire today. 

Hewlett-Packard Company • 1452L Page Mill Road • Palo Alto, Calif. 



MAKE THESE MEASUREMENTS 
WITHOUT EXTRA APPARATUS 

Frequency Response 
• 

Audio Gain 
• 

Filter Transmission 
Characteristics 
• 

Audio Frequencies 

Voltage Measurements 
• 

Speaker Tests (No 
amplifiers needed) 
or 

Drive Electro-Mechanical 
Equipment 



-hp- AUDIO TEST EQUIPMENT 

Send for Catalog showing com- 
plete line of precision-built easy- 
to-operatc -hp- equipment. 




TH ese -hp. REPR e Se NTATIVES ARE AT YOUR SERVICE 

BOSTON, MASS.; Burlingome Associates, 270 Commonwealth Ave., Kenmore 6-8 1 00 ■ CLEVELAND 12, OHIO; M. P. Odell, 1748 Northfi.ld Potomac 4»40 

CHICAGO 6, ILL.; Alfred Crossley& Associates, 549 W. Randolph St., State 7444 'TORONTO 1, CANADA; Atlas Radio Corp., Ltd., 560 King St. West, Wav.rl.y 4741 
DENVER 10, COL.; Ronald G. Bowen, 1 896 So. Humboldt St., Spruce 9368 • FORT MYERS, f LA.; Arthur Lynch and Associates,P. O. Bo« 466, Fort Myerl 1249M 
LOS ANGELES 46,CALIF.;Norman B. Neely Enterprises, 7422 Melrose Ave , Whitney H47- DALLAS 5,TEXAS;Earl W. Lipscomb, 4433 Stanford St., Logan 6-5097 
HIGH POINT, N. C; Bivins & Caldv«ell, Room 807, Security Bank BIdg., Phone 3672 • WASHINGTON 9, D.C, Burlingame Associates, 20) 7 S. St. N.W., Decatur 8111 
SAN FRANCISCO 3, CALIF.; Normon B. Neely Enterprises, 945 Howord St., Douglos 2-2609 • NEW YORK 7, N.Y.; Burlingame Associates, 1 1 Park PI., Digby 9-U40 



AUDIO ENGINEERING • APRIL, 1949 



www.americanradiohistorv.com 



At Die 

ENGINEERING 



John H. Pot+s, Editor and Publisher 

C. G. McProud, Managing Edtfor S. L. Cdhn, Adv. Director 
Ldwrence LeKashman, Assf. Edifor H. N. Reizes, Adv. Mgr. 
Louisd B. Dresser, Edi*. Prod. Mgr. L. B, Devine. Circ. Mgr. 

Editorial Advisory Board Representatives 

Howard A. Chinn Sanford R. Cowan Mid-West Sales 

John D. Col«n "2 York 17. N. Y. 

C J LeBel James C, Galloway 

816 W. 5th St.. Los Anqeles 13. Calif. 

J. P. Maifield 

SDale International Publications. Ltd. 
Successor to RADIO 105 Bolsover St., London W. I. England 
Winston Wells Harris & Floyd. 297 Swanston St. 
S Young White Melbourne C. I. Victoria. Australia 

Esfablished 1917 CONTENTS APRIL, 1949 Vol. 33, No. 4 

Fdilor's Hepoil 4 

Letters 0 

Disc Keconling for Broadcast Stations — If. J. Mulioney 9 

A CuMliniioiisiv Variable L({iiaiiziiig Pre-aiiiplilier Diiviil C. lioinberger J4 

N.A.B. Coiivenlion \^ 

Coiii])act 6AS7G Aiiil)lilier for Home Keprodiictioii Sysleiiis, Part II 0. Alcl'roiul 16 

Measuring Procedures for Magnetic Recording 19 

An Oninidlrecliorial Microplione — lolin K. Uillitiid 20 

Mass Production 'la|»e Recordings •' 21 

Record Revue — Edward Talnall Caiiby 22 

Making Magnetic Recordings Visilile 23 

E.xperinienlal Ultrasonics, Part II S. Young Idiite 2) 

The Cutting Stylus Problem in Microgroove Recording "SiyIiis" 20 

1948 Convention of the Speech Association of America 28 

.New Products .iO 

Advertisiiii Index 18 



COVER 



Ullrasonic fountain in Iransfornier oil, created bv an inuucrsed (|iiart/, cry^tHl e.\ciled 
liy 150 watts of energy at -100 kc. (Converted liC-375, surplus Iransuiitter eruployrd 
as generator, is seen in the background. Photo by Lewis S. Goodfriend. 



AUDIO ENGINEERING (title recUtercd U. S. Pat. Off.) is Published monthly at New York. N. ^.. b.v Radio Magazines, Inc., J. H. PotU. 
President; Lawrence LeKashman, Vice Pres. Executive and Editorial Offices at 312 .Madison Avenue. .N"ew Vork 17. N. V. Subscription rates— 
Lnited States. U. S. Possessions and Canada, S3. 00 for 1 year. 35.00 for 2 years: elsewhere S4.00 per year. Single copies 35c. Printed in U S. A 
All riirhts reserved. Entire contents copyrichl 1949 by Radio Masazines. Inc. Entered as :;econd Class Matter July 29, 1948 at the Post ' Offitel 

New Vork. N. Y.. under the Act of .March 3. 1S79. 



AUDIO ENGINEERING 



APRIL, 1949 



www.americanradiohistorv.com 




1892-1949 



It is with profound regret that this page which for every issue 
since the inception of this publication has brought to you the 
Editor's Report must be devoted this month to chronicling the 
untimely passing of John H. Potts, co-founder, editor, and pub- 
lisher of Audio Engineering. 

John Potts, one of the early pioneers in the development and 
progress of the electronic arts, devoted his entire life to our 
industry as editor of some of its leading publications, as author 
of innumerable articles, and in engineering capacities with the 
Radio Corporation of America, the General Electric Company, 
Westinghouse Electric Corporation, and the Sperry Gyroscope 
Company. 

Mr. Potts was president of Radio Magazines, Inc., and editor of 
CQ and Radio. The latter was succeeded in May, 1947, by this 
publication, and on December 1, 1948, Mr. Potts became pub- 
lisher of both CQ and AUDIO ENGINEERING. 

John H. Potts, born November 8, 1892, died March 16, 1949. 
Author, editor, publisher, engineer. R. I. P. 
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MANUFACTURERS OF THE WORLD'S 



PRESENTS 



the NEW SERIES 300' 

a worfhy companion to the famous Mode/ 200 



Aftf r 100,000 hours of continuous commercial op- 
era! if>ii !)>' broadcasters and recording companies, 
lire AMPKX MACAKTIf: TArK KKCOUDKIi has 
"■nnclusivcly proved its nverall superiority. Uecause 
nl this fine instrument's ability to maintain a unif|ue 
hi-hdevel of fi.lelity. the Wll'KX TAPK UKCOIiD- 
I d\ is now in enntinuou- u^e b\ 
liing Crosby. nnmi'rnu> other lead- 
ing entertainers, the major net- 
works and record manufacturers. 




Model 200 
$3825 



F. O. B. 
San Cartos. Cat. 



Model 300 
$1500 

O. B. 
Sun Cjulnw. ('ill. 



Di'xiriiiaf for Radio S'lalinns 



AMPEX NEW SERIES '300' 

Precision engineered for faithful 
reproduction and unmatched service. 

SPEED: Operates at 15 and 7.5 inches per second from a 
switch on the top plate. One halfdiour playing time at 1-5 
inches per second and one hour at 7.5 inches per second. 
AMPKX new Model '300' is better than NAH reeninnienda- 
tions for over-all performance. 

FREQUENCY RESPONSE: IMu- or mhin- 2 db. fmni 50 
cycles to 15,0(X) cycles at 15 inches per >ecimd, and plu> 
or minus 2 db. from 50 to 7500 cycles al 7.5 inchi*- per 
second. 




_ icd for Nettvork 
and Recording Compamrs 



RANGE: Better than 60 db. dynamic range and less than 
2'r total harmonic distortion at the operating point. 
MODELS: The basic electronic and ilrive units are avail- 
able in portable, rack-mount, and stuilin console models. 
<!onsole is same size and height as a standanl, transcrip- 
tion-playback-turntable. K playback f>nly unit is available 
in console form. W ritr for completely illustrated hrorhure 
today! 



ATTEND THE EXCITING AMPEX DEMONSTRATION AT THE NAB CONVENTION APRIL 6-12. Hotel Stevens, Chicago! 



M I n*l<cturi il bT thi AUPEX ELECTRIC C O II F O « A T I O N . » i ti Q^ilsi, Cillfernlj 

MOULD WItrE bliTDItUTO* ^ CAllFQItniA 

AUDIO & VIDEO PRODUCTS CORP. ★ 

USD Ireadwar, Mrw TmIi If , H. r. * TaltfliHt PLoxa 7-47a0 ^ T*Ii«Iha* caiSJ^WW IJIIl 



AUDIO & VIDEO PRODUCTS CORP. 
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ADC Quality 



Wins Again 



An important part of western union's nation- 
wide plant mechanization program is the new 
Type 20 FM Carrier Channel Terminal equip- 
ment. Designed to provide telegraph message 
channels for the interconnection of telegraph 
offices, this new equipment was ordered in 
large quantities from the Radio Corporation of 
America in the fall of 1946. ADC was chosen 
to provide the transformers and inductors— 
over 85,000 coil assemblies were produced by 
ADC under rigid specifications. and on individ- 
ual test inspection only 14 were rejected. 



ADC 





This proven dependability of ADC 
QUALITY PRODUCTION is available 
to you . . . submit your specifications or 
problems for prompt attention. 



SERIES 550-50 TRANSCEIVER 



When Western Union re- 
cently ordcTcd additional 
quantities of this equip- 
ment, Radio Corporation 
of America again won the 
contract award and ADC 
was again chosen for the 
transformers — inductors. 



SERIES 550-50 TUNER 



The accompanying pho- 
tographs show three of 
the principal componeins 
of Western Union's Type 
20 FM Carrier Channel 
Terminal equipment. 



SERIES 2-A 



CARRIER COUPLER 



Series 5 50-50— Tuner 

Series 
550-50$ 

Series (/- ./- , 

> Carrier Coupler 



J ^ Transceiver 




;4cuUa DEVELOPMENT CO 

2851 13lh AVE. SOUTH 'MINNEAPOLIS 7, MINN. 



Tone Controls 

Sir: 

In reading over tlie Kel). issne, I 
was no little amused l>y one of the 
letters. Speaking of wordiige wander 
ing and confused implied thinking — 
Take "'Does the fidelity rating go 
higher directly as the nnmber of con- 
trols;" Obviously they have one pnr- 
pose only ... to give the listener his 
own tonal balance choice. If he were 
concerned with jnst one source of 
program material r better still one 
record, he would need no controls 
whatsoever . . . not even an On-OfF 
.switch ... hp could just pull the plug! 

rr llip listener could take his own 
recorder to a concert for example, 
secure his own balance and handle 
its iirncessing all the wny down, his 
tM.sk woidd also ho much simpler. 
llt>\vever. wiien the nuiny nnisir 
siiince.- Mre cotisidered. Aif. FM. dif 
fcriMit size and qiuilit.v ET's and rec- 
ords arc inaric by twent.v or thirty 
different manufacturers who use two 
or three different cttiss-ovcr frequeu 
cies null recording characteristics, 
these conti^ols come in handy! 

Ifoui Letters iti the Oct. issne "T.ct 
.your Tiiiisieal sense determine the 
curve Hiid your engineering its nl- 
timnte reproduction result," let its 
pose another piohlein to further con- 
fuse the thinking! ^Plie niusician or 
the nverage ear or better attends the 
same conceit with a person who has a 
"tin ear." Riimc sent, same music, 
same cveiytliing excent ears and they 
will eonic aw:i\ with dilTerent im- 
|ii-essinns of that concert. Suppose 
their ear impressions were converted 
exactly to a record and they both build 
aiiiplifier.s. etc. and jiccnrately recreate 
their impressions . . . which is high 
tiilclily ? 

Aksolnte tonal balance . . . what is 
the standard? Whose ear is the cri- 
terion ? The conductor has his own 
l^alaiiec and each listener has his. If 
the fwn coincide, then the whole 
Tx^rformaiiee will bo more pleasing. 
Pitch? . . . Oicbcstras in diflfercnl 
coimtries time np to different pitches 
. . . they are not standard as yet! 

All this is so well known that T 
might as well sign off and stop an- 
noying people! 

J. P. Cook 

2609 Buena Vista 

Bfilersfield, Calif. 

LP Reactions 

Sir. 

Canby has scored a triumph in his 
March column! In his discussion of 
long-playing records he has hit the 
nail right square on the head— and 
\Continiie4 on paf^e i6] 
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THE FORMULA: 



PROPERLY COMPOUNDED RECORDING lACOUER 

r FOREIGN MATTER IN lACQUER 
MINUS < MICROSCOPIC DUST IN DRYING 
(_AIR 

EOUAIS NEW IMPROVED QUIETNESS 
IN CUTTING 



THE ANALYSIS 




fOA S imtnicM fc DISCS 

mntiNiM iUdershi* 

\% ONLl TWO y»RS- 

AITY TO «V, IS HOT 
T(EOroADfC«Df-OLD 
PATENTCD PKCtSS.EVIiir 
DISC DDtlAI) GOES INTO 

corriduos mpnoviMBiir 

^S'^BfifT'EM 
ING MEDIUM. 




R E E V E s^jundczo^ C 0 R P. 

10 EAST SJnd STREET • NEW YORK JJ, N. Y 
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REDUCING EXTRANEOUS NOISE 
IN RECORDING 

By A. C. Travis. Jr.* 

Discussing ilisc recording with expeiis 
in broadcasting and sound studios off and 
on for ten years brings one inevitably to 
tbe point of Irying lo generalize llie re- 
cording engineer's problem. Inadequate as 
making ^talistics ouL of memory may be, 
so overwhelming is the ittipression of unan- 
imily that a simple suiiunary proinpily 
spritigs to mind. Itegardless of what high- 
fidelity atiibitioiis may haunt the recording 
engineer, his soul-seariiig fear is «imply 
that of making a siib-slandard recording 
of irreplaceable material. 

The commonesf single ranse of snb- 
broadcasting-standard disp recordings is 
extraneous noise. So complex are llie reas- 
ons and cures for this destroyer of other- 
wise good broadcasting material llial (hey 
traii-^cend tlie possible scope nf a short 
article. To oversimplify, however, ii. i.* 
nolcworlliy thai recorded extraneous noises 
behave somewhat like breakfiist foods. 
They may hiss, swish, crackle, or pop. 
Since even these few categories of noise 
cover a lot of PufTed Rice, space require- 
ments hold us down to a limited di-^cns- 
sion of "liiss". 

Tlie blame for excessive hiss level in 
disc recordings is generally shared by the 
blank record and the sapphire styhis. At 
this point buck passing reaches champion- 
ship proiwrtions. Most often, houever. 
neither suspect is ever definitely exoner- 
ated. The trouble simply disappears by it- 
self. Tiie history of recording disc numii- 
faciure. of course, allows little donlit, of 
the fact that with some brands "grey cut 
ting" discs crop up iinprediciably from 
time to time. It is al^^o an admiiied fact 
that sapphire siyli may vary so greatly as 
to make up to 12 db difTerence in sniface 
noise level. Such variation, while nniriien- 
I ional, usually occurs where ]o\\' pt ices 
dictate loose tiiicroscopic tolerances in 
sapphires- 
Some of the moi p t ricky causes of 
hiss" include cutting cold discs fresh 
from the delivery truck, allowing smog 
(fog-borne soot & dirt) to settle in the 
groovps, and niisalignniml of the cnit ing 
stylus. Nitrate-coated discs (so-called "acrt 
ates't seldom cut quietly unless thr ahirii- 
inuni bases are at a teniperatiiip between 
70* and 90". Fine or coarse airborne dirt, 
moisture, or damp dust can spoil the pol- 
ishing action of the lies! stylus. Stylus 
misalignments lo he avoided include more 
than a degree or \\\o off vert ical and 
twist of the shank in insialling the stylus 
in llie cutting head. 

Today, except for occasional tricky re- 
cording prohlems, the most nervous en- 
ffincer can fortunately forget his worries. 
With the new, constantly-improved Reeves 
Sinmdcraft discs and .^mindcraft siyli com- 
bining to keep extrancoii.-- noise 55 to 65 db 
tjelow peak signal, it's mighty hard lo muff 
a recording. Soundcraft products have in- 
deed establislied disc recording anew on a 
standardized predictable basis. 

Advert isem en! 



"^Vice Pres. J Reeves Soundcraft Corp. 

APRIL. 1949 



//owfo 

ei/TYOUR, 

DISC 
DOUAR 




SOUNDCRAFT discs ore mode in 25 types ond 
iiies. You don't weor your Sunday go-lo-meet- 
ing clotties to work in the gorden, Wtiy use 
unnecessorily expensive disc grodes for every, 
itiing? 

Unlike some bronds, Soundcroft discs ore 
o/t cooted wttti the some high-/idelity locquer. 
Th» groding differences ore bosed on the neor- 
ness to microscopic physico/ perfection^ 

Three grodes in five sizes plus single or 
double foce, ond oversize mosters, ore toilored 
to every budget. 

STANDARD NET PRICES TO RADIO 
STATIONS AND RECORDING STUDIOS 

(/n Standard PacKdges) 



THE 'BROADCASTER' 

A MASTER selection In instan 
taneout sizes for vitally impor 
lant reeordlngs. 

lO" Double Face $ .84 

12" " " '.32 

16" " " 2.37 

tO' Single Face 54 

t2 •■ 90 

16 ' I.M 




THE 'PLAYBACK' 

A Standard broadcasting- 
quality . blank record for 
all ororessional uses In ra- 
dio stations, recording and 
mol.lon oicturt studios. 



10" Double Face 



THESE A1?E THE WORK. 
A-DA^ KINO THE NET^ 
LIKE. EOUAL TO THE 
g£5T GRADES OF 
OTHER 




Stondord Soundcroft economy pockoges of only 
20 discs permit stocking wide voriety of grodes 
ond sizes while simulloneously hold'ng inven- 
tory volue down. 



[EUCTROHIC tU CTRONlCS~ Cal 
\tMi I' " I 




30I 



O *\ ? foremost ro- 
-^^dio ports 
distributors in princi- 
pal cities ond towns 
deliver Soundcroft 
discs from local slocks. 



REEVES^JUndCTOl^CORP. 

10 EAST S2i<d STtKT • NEW YOtK 22. N.t 
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NO MATTER what your loudspeaker needj 
may be, one of these five Western Electric types 
will fit like a glove! 

If you're looking for superlative reproduction, 
you can't beat the dual unit with its 

unequaled combination of efficiency, frequency 
response and power capacity. 

If you want the finest in direct radiators, you'll 
get just that in any one of the four Western 
Electric types — simply pick the pouer you need. 

All types are available for immediate delivery. 
Call your nearest Graybar Representative or write 
to Graybar Electric Company, 420 Lexington Ave., 
New York 17, N. Y. 

Western Electric 

-QUALITY COUNTS - 

DISTIIIIUTORS: IN THE U. S. A. — Graybar Electric 
Company. IN CANADA AND NEWFOUNDLAND— 
Northera Electric Company, Ltd. 
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Fig. 2. Automatic radius-equalizer fabricated for Fairchild 199 recorder. Control switch is located at left of equalizer. 



Disc Recordins For Broadcast Stations 

W. J. MAHONEY* 
Technical details of a successful, high-qualify sfudio insfallafion. 



WITH THK IIKCENT TMPROVKVIKNTS 
iiiii(le in rceordinR iind loiiro- 
(hieiiiK equipment, it is now jwssi- 
))!(■ for nieiliiini-size l)roa(ioast iind ro- 
oonlinp stiiilios to ol>tnin results coiii- 
paral))e witli tlie finest in tlie iiuhistry. 
williin liniitiitions of tlieir tieoustical 
stuilio faeilitics. llowevc^r, tliore is little 
Mifovniiition availul)le to (ruidc tlic re- 
cordini; oiiKiiicor who wishes to (Mistoni- 
biiihl liis installation to olilnin niaxi- 
nuini perforniaiiee in each of the vari- 
ous servieos it must j>erform. Tn fur- 
therance of this eauso, the author wishes 
to describe the flexihlc reeordinpr sys- 
tem designed for the new studios of 
\VS.\r, Cincinnati. Tliis paper also 
iiieludes a discussion of a number of 
the practical problems involved in de- 
sipninff a eoniplex system of recording 
e<iuali7.ers. 

The first reipiireinent of the s.vst<5m 
was simplicity of routine operations, 
sueb a.s IranscribiuR network and stu- 
dio presentations for delayed broad- 
cast or file. The second recpiinMnent 
wasabilit.v to record transcription mas- 
ters, phonoffraph record masters, com- 
posite dubbinpts and all the various 
services required of a studio. In each 
of these special applications the proper 
cipialization and levels must be em- 
plo.ved. The final re(piireinent demands 

*SliS Quccii Cily .hr.. 
Cinrinnati 11, Ohio. 



a rapid method of jirovidinp; substitu- 
tion when e<inipnient failures arise. 

Two 7:i-B recorders and two 

Fairchild 100 recorders with niaBnetie 
cutters were considered adeipuile to 
handle the volume of work. I>uplieate 
sets of aini>lification and control eipiil>- 
meut wer(! [miviilcd for each pair of 
machines. 'I'hc only variation was the 
necessit.v to mount (!ontrols and ampli- 
fiers ii] one rack for the Fairchild 
ixisitiipu, duo to spa(Mi limitations, and 
the use of separate control turret ami 
amplification rack for th(! ItOA ma 
cliines. 

Program Sources 

The amplification layout itself is 
unique. The studio control systems 
were comjilctc and totally independent 
of the recordinpc installation, so it was 
onl.v nece.ssar.v to desipii the recordiufr 
ami)lification from the output of the 
studio system. At WSAI. which ha.s 
separate control rooms, it was decided 
to make the recorder bus connection 
to shunt the chaimel-amplifier input 
at the channel side of the interlock 
system. Feeding from the input side 
of the channel was neecssar.v because 
the recorder bus connection consisted 
of a bridptinK pad, which in ab.scnee 
of a line or (iiiO-ohm resistive load, 
would not provide projier loading for a 
channel amplifier. The values of the 
series arms of the pad were 1300 ohms. 



the sluint arm was oOO ohms, providing 
a total loss of l.l db. These recording 
pads are iK'rmanentl.v located in the 
transmission racks and i)rovido the 
duid purpose of isolating the recording 
busses in case of short circuit, ami mini- 
nnzing the loading ctTciM of jparalleb 
ing man.v amplifier bridging-ininits. 

The same t.vpe of i)ads was used to 
bridge a radio tuner s.vstcm, the in- 
coming lu'twork, and a "remote" jack 
on tho master control ba.v. This renmte 
position is used for all additional 
sources of jirogram material. 

Keferring to the block diagram shown 
in Fifi. 1, note that the input-.scleetor 
switching system allows both record- 
ing and monitoring circuits to be 
bridged independently or in tandem 
across each fecordiiig bus. Following 
the switches are Ki.dOO/onn bridging 
transformers, which i>rovide the i)ropcr 
circuit for location of the standard 
.lOO-ohm "T" attenuators. 'Phe monitor 
and booster amplifiers fed by each at- 
tenuator arc identical, with a power 
output of -t-30 dbm, and a nuiximum 
gain of 70 db. 

With a normal attenuator setting, 
21 db, the total losses up to the input 
of the monitor-booster amplifiers will 
bo ai)proxiniateIy .Ii db. Assunung the 
studio is feeding a level of +8 vu, the 
output of the booster-monitor will be 
-t-14 vu. The monitor amplifier works 
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Block diagram of recording installation. Program sources are fed 
to bridging-input pads at 8 vu. 



into a speaker-tnatpliinp trnnsformnr, 
tho booster aniplifier into a 500-oIin) 
rosistivo load. 

The volume indicator ia bridped «- 
oross the output of the booster, with 
a standard pad dpsisned to permit tbo 
motor to read 0 vu when the booster is 
providinpr +14 dlim on steady tone. An 
adilitional pad is available on the switch, 
to shift the 0 vu point to +20 dbm 
from the booster. Tlie additional 6 db 
output, obtained b.v advanoinp the mas- 
ter fader, is used when euttinpr pbono- 
grapli or transcription masters. The 
vu motor and pads may al.eo be trans- 
ferred to tlie output of the monitor 
amplifier by ii momentary-push switch. 
This feature, alonp with the ability to 
switch the input of the monitor ampli- 
fier independently, allows the operator 
to i)redetermine tho levels to be encoun- 
tered on a sub.sequent program from 
another channel without inlerrujjtinfr 
the rceonlinff in propress. 
Power Amplifiers 

.Shunting the booster load resistor 
are the imwer amplifier input switches. 
The 4000/.500 bridging transformers 
eonne<'te(l to these switches feed the 
various ofpializcrs. The input imped- 
ance of each power amplifier is 500 
ohms, with the secondary loaded by a 
potentiometer calculated to reflect the 
proper im|«!ilaiice. The amplifiers. 
Brook 1211, have a maximum gain of 
SO db and a power output of .'iO watts.' 

The los.*cs iti the equalizer system 
are of the order of .50 db. This may seem 
high, but it must be remembered that 
some of the equalizing positions are 
capable of i)ro(lueing as much as 25 db 
ri.se at 10,000 cycles. At 200 cps, the 
power into the cutters is about +28 vu 
for instantaneous tran-icription.-. +34 

' J. K. tdinger, Hiftli Quality Audio Ampli- 
fier with Aulomalic Bias Control. .\ui)io 
E.NciNEERiNc. June, 1947. 



vu or better for master recording, at 
200 c.vclcs. The e(pializcrs have been 
designed .so that there is no change 
in tho level at 200 cps on any of the 
positions. 

It will be noted that the patch field 
allows considerable flexibility. A tip, 
ring, and sleeve system is used through- 
out, all with double jacks in parallel 
except "Recording Switch #1 & #2." 
.Substitution for input .selector switch, 
bridging coil, failer, booster amplifier, 
equalizer network and power amplifier 
may be made by ajjpropriate patching. 
Also, by use of a single patch cord from 
"Monitor Amplifier Output" to "IJe- 
eording .Switch #2," the bridging coil. 
#2 nnqilificr, and cutter may be con- 
nected to the output of the monitor- 
amplifier system, across the normaled 
loudsjwakcr transformer. This will al- 
low emergency use of the two recording 
machines as complctcl.v indciicndcnt 
channels. The vu meter ma.v be trans- 
ferred momentarily to the monitor 
channel for occasional checks of the 
program level. 
General Design 

Iti designing the recording s.vstem, it 
was felt that sufficient care .should be 
taken to enable the installation to han- 
dle complex re-recording work and still 
maintain a faithful likeness to the 
original material. Obviou.sl.v, such a 
system must li.ave an accurately eon- 
trolled frequenc.v resi>onse, minimum 
distortion, low noise level ami speed 
variation, and last, but fidly as im- 
portant as any, an intelligent oper- 
ating procedure. 

The distortion, noise level, and spoeil 
variation factors are inherent in the 
original equipment. The frequency re- 
sponse is rca.sonably subject to the con 
trol of the .-.v.-^tem designer. a.^sumiuL' 
that first-cla.-s c(]uipment is used 
throughout. 



In planning the equalizers, some al- 
teration was made to the basic NAB 
pre-cmphasis curve to provide for radius 
equalizing, at least on the transcrip- 
tions cut for instantaneous playback. 
This is a radical ileparturc from ac- 
cepted practice aiul, with the present 
degree of standard i)re-emphasis (100 
M-.sec), admittedly difficult to apply to 
all types of program material. Con- 
sequently, a comi)romise design was 
employed to permit substantially flat 
pla.vback up to 5,000 c.vclcs at the inside 
radius of 3H inches, corresponding 
to 15 minutes at 128 lines i)cr inch. 

Surprisingly enough, there seems ti> 
be a difference in interpretation of the 
NAB curve. Some authorities maintain 
that the jircsent standard was set up, 
not only to improve the sigmil to tioi.se 
ratio, but to eonjpcnsate for the poor 
response of the cutters «nd pickups in 
u.sc at that time. A new connnittee of 
.standards is at work on a revision of 
the recording .section of the NAB code, 
and it is hoped that a more realistic 
approach to the radius and pre-empha- 
sis iiroblcm will be iirescntcd. Certainly 
there is no valid basis to the belief that 
a fixed pre-emphasis curve will over- 
come, in an.v wa.v, the serious losses 
cticountcred with a varying radius. 

In adilition to the N.VB equalization 
for transcriptions, it was desirable to 
have a separate prc-cmiihasis network 
for phonograph records, ami a setting 
for flat response of the system with 
optional radius-equalizing. 

Automatic Radius Equalizing Devic* 

RCA has manufactured a simple 
automatic equalizer which has proven 
quite practical. It consists of several 
resistors, totalling 4G00 ohms, soldered 
to a 3egmente<l rod, which in turn is 
wiped by a contactor attached to the 
cutter carriage. The contactor is wired 
to two different capacitance values, 
available through a switch, making in 
effect a i)otcntiometcr having capaci- 
tance in series with the variable arm. 
A similar device was fabricated in the 
shop for use on the Fuirchild machines, 
/' 1,17. 2. It consists of a dual-.sectioii RC 
network encompas.'-ing both radius and 
pre-emphasis functions and inclmlcs the 
automatic equalizer dascribcd above. 
How-evcr, it was necessary to treat the 
Fairchild and RCA cutters as separ- 
ate i)roblems, due to the difTcrcnec in 
crossover frequencies of the two makes. 
The Fairchild, and most standard cut- 
ters, have a crossover at 500 cps. The 
TJCA beads cross-over at slightl.v above 
1000 cps, making a ilifference of about 
•3 db in the region from 50 to 1000 cps 
between the two brands. 

Due to the varying impeilances pre- 
sented to the amplifier by the cutter 
head, most manufacturers provide a 
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series resistor npproxlinatinp the nom!- 
iiiil iiiipedaiiee vahie of tlte head. In 
a ITi-ohni cutter, tlie actual impedance 
varies from 2 olmis at 51) cps to ;>0 ohms 
at 10,000 eps. 'J'lic constant-amplitude 
response of the head is determined 
partly by the value of the series re.sist- 
aiice, and partly by the internal nie- 
ehanieal dampiiifr. The KCA heads 
were provided with a resistor tapjiod 
from .5 to 15 ohms, in steps of 0.5 ohms. 
A capiK-itor is used in shunt with this 
resistance to improve the hit;h-fre- 
>iueney response of the cutter. Kxperi- 
ment will he necessary to determine 
the .settings which will i)rovido the 
maximum response at 10,000 cps with- 
out appreciably alteriufr the speetrum 
from 2000 to 5000 cps. Values from 2 
to 4 it( will usually be necessary in a 
15-()hm circuit. As the compensator 
supplied with the Kairchild recorder 
has no easy adjustment, it is difficult 
Id use this method of alteriupr frequency 
rcsp<(nsc. 

Playback Siandard 

Unless the designer has an instru- 
ment such as the l''M Calibrator' or 
a reliable method of optically nieas- 
nriiit; the stylus tip, it will be necessary 
to set up a playback device capable of 
acliiifr as an accurate standard for fre- 
quency incasurcments. The liprht-pat- 
Icrn niclhod^ of measuring a severely 
pre-eniphasi/.eil cutter response is far 
loo tedious and inaccurate, although 
valuable for constant-velocity meas- 
urements. By means of careful light- 
calibration of the C'olunibia test record 
VTNV-ITO it was determined that a 
I'iekcriuf; pickup was reliable within 
1 db at all frequencies covered on the 
test record. Thereafter, the Columbia 
record was used as a control to ascertain 
that the characteristics of the pickup 
were not changing. It is also advisable 
to record your own light pattern test- 
record as a double check. The next step 
ill s(*tting up the standard was careful 
plotting of the NAB playback equalizer. 
This wa.* accomplished by use of a vari- 
able fre<]ucncy oscillator and a gain-set 
capable of inserting sufficient loss to 
eiiual the voltage from the pickup. By 
adding this simrce in series with the 
indnctanee of the pickup and measur- 
ing the equalizer through the playback 
amplifier, an accurate reading of the 
network may be made*. The response 
of this circuit was fecund to be within 
0.5 db of the complement of the NAB 

2R. A. Schlegel, FM Calibrator for Disc 
Rccordins Heads. Audio E.nci.nekrinc, 
.Tune 1947. 

' C. J. Lebel, Light Pattern Calibration 
Chart. Communications, \pril 1940. 
Extended Experimental Study of Optical 
Pattern Communications, December, 1940. 

•* C. G. McProud, Elements of Residence 
Radio Svstem.'. .\linlo KNclNKF.BlNt, Nov- 
ember. 1948. 
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pre-cniphasis curve. While .set up for 
this measurement, it will be wise also 
to check the flat-response position of the 
equalizer, because some networks will 
be found to start the ba.ss boost above 
1000 cps, thus throwing oif all readings 
above this frequency by 1 or 2 db. Ad- 
ditional standard eqniinnent should 
consist of a good variable-frequency 
oscillator and a gain-set capable of i)ie- 
sentiiig projier transmission character- 
istics to the ami)lifying system. The 
gain-set output meter should be ac- 
< urate over a range of 30 db. 

Before beginning the design pro- 
cedure, it will save much confusion if 
.several styli are tested and set aside 
for measuring purposes. Kven a newl.v 
sharpened stylus, with slightl.v dull 
burnishing facets, may give a reduced 
response from to 10 db at 10.000 eps. 
,\ recoinniended procedure is to cut 
bauds of 8 ko, 9 ke, and 10 ke of exact- 
ly' the same light pattern width a.s lUOO 
cps. With a calibrated picku]), these fre- 
quencies should not show any devia- 
tion when the pla.vback filter is set for 
flat response. Obviousl.v, these styli 
must also be acceptable for quietness 
of cut. but ainio.st invariably the satis- 
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Fig. 3. Basic circuit of combined 
NAB and radius-equalizing networks. 
(Values explained in text.) 



factory |x)ints will possess both at- 
tributes. A short-shank stylus is de- 
sirable, as the long-shank type possesses 
an undesirable mass resonance at 8000 
eps. We do not wish to enter into the 
discussion of 70° versus .S7° styli, but 
it should be pointed out that there is 
a difference in the ability of a i)laybaek 
>tylus to reproduce high frequencies 
from the dilTcrent cutting angles. We 
have found the 70° angle to have n 
bout 2.5 db liiglier response at 10,000 
cps when played with a .0025" radius 
reproducing point, with a .sliglit in 
iTeaso in distortion between 1000 and 
.")000 cps. Of course, when recording 
phonograph record masters, the wide 
angle .stylus is mandatory. 
Heating Effect 

When the recording beads are sub- 
ject to signal, there will be some in- 
crca.se in efficiene.v due to the heating 
of the damping material. The resultant 
increased output is therefore consider- 
ably more evident in the damped, or 
constant -amplitude, portion of the 
curve. Becau.se of this, the reference 

1 me may be f(nind to be as much as 

2 (lb liigber when repeated somewhere 
in the middle of a frequency run. The 
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RCA MI-11850-C head is equipped with 
a built-in heater unit and thermostatic 
control to minimize this heating effect 
on program material ; however, this is 
not sufficient protection to warrant dis- 
regariljng the effects of steady tone 
iluring measurement. For this reason 
it was found necessary to resort to al- 
ternating two-second tone bursts with 
fifteen seconds of program at normal 
level when working within the 4000 to 
10,000 cps region of the cfiualized curve. 
Fn this spectrum the amplifiers will be 
delivering 8 to 10 db higher power 
levels than the unequalized portion of 
the curve. For adilitional protecticm, the 
tone input to the equalizer system 
should be at least ti db below the meter 
peaks of the program material. When 
working in the 50 to 2000-eps region, 
such a technique of alternation is not 
essential if the tone is kept consider- 
ably lower than normal program (leaks. 
rncidentally, com|)arablc troubles may 
be encountered on iion-tcmperatiire- 
controlled heads duo to ambient tem. 
j»eratnre changes. The author had a 
disagreeable experience when trying to 
duplicate a |)revious day's work on the 
following morning with an ambient 
temperature change of oiil.v 10 degrees. 
To avoid this tnnible, it is good i)rnc- 
liee to introduce iirognim at norma! 
level for at least thirt.v minut(?s before 
attcmi)ting an.v nicasureinent 

.\s a last Word of cauti^in before ])ro 
cceding to the actmil c(|ualizer design, 
it should be impressed uiKin the reader 
that all nieasnrenients from 4000 to 
10.000 eps at 'iS 1 '3 rpm, must be made 
at the outer edge of a 10" disc, unless 
actuall.v working u|K)Ii the problem of 
radius los.-ics. The 10,000-cps playback 
response will drop 1.5 db w'ithin one 
inch of the edge, and will drop fl db at 
three inches with .0025' radius stylus. 
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Fig. 4. Typical radius losses encoun- 
tered on playback with RCA Vertical- 
lateral Pickup .0025" radius stylus. 

Also, because of these radius losses, 
checks involving comparative iwrtionR 
of the high-frequency spectrum should 
be made at as nearly the same radius 
as possible. In the further interests of 
uniformity, the experimenter should 
use the best brand of discs, and pre- 
ferably from the same package, in order 
to minimize the chance of error due 
to noii-nniform coating consistency. 
The ''softer" types of coatings will 
usually produce a slightly reduced 
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Fig. 5. A — NAB standard recording characteristic. B — Typical response of 
cutter with 500 cycle crossover. C — Response of NAB position on equalizer 
shown in Fig. 7 with radius-equalizer at nnininnunn or off. Shaded area-Action 
of autonnatic-equalizer, continuously variable to the nnaxinnunn shown by line D. 



liiffli-frciinciH'y ])InylnH'k rosponsc. jip- 
proxiniatel.v l.r> dl) nt 10,000 cps, proli- 
fil)l.v due til tlio rlastirily of tlio cnnt- 
iiiS iMMlcr tlir trciiipiiiloiis accrlci'iitiiiiis 
the pirknj) stylus. 

Network Design 

III prooordiiiR with tlio iiotwnrk de- 
sign, the iiiitlmr drsiri'd ti) insert tlir 
cxpcriiiipiitiil npiiilizcr in the physical 
piii'liim (if tho oiriMiit whrrc it winild 
fiii.nlly lie nsod. In this wiiy it is jmssi- 
hl(; t(i conipcnsiitc dirrctly fur idl liijrli- 
fr('(|urnc,v losses due to hmjr cahlc runs, 
iiniplificr dcfiripiicips, and so on Tho 
test sijrnal was introchippd into the front 
of the (Mitiro rccordiufr circuit at the 
pi-onrani selector switch, and readiuR-j 
were taken from the outiuit of the 
reeordiuK amplifier. Tnasniueh as tlie 
selector iniiut switeli feeds a hridjiinj!: 
coil, the oseillator or jraiu-set must 
work into a .500- or fiOO-olun resistive 
Inail, For accurate measurement jiur- 
poses the reeordiuK amplifier nnist feed 
a resistive load instead of the inductive 
load of the cutter. 

The ex|ieriinental form of the e(|ual- 
izer. with the e.xception of the fixed 
i.sohifion pads at tlic input and output 
of the eipializer, eon.sisted of variahle 
carlion iiotcntionielcrs and an assort- 
ment of small tubular paper capacitors 
raufrinft from ,001 to .01 (if. All values 
of ca|iacit,ance within this ranjic should 
lie covered in stops of .001 (if. Also, 
.several capacitors from ,01 to 0„") (if will 
He neccssar.v. Three or four of each 
value should he availalile, with autunl 
measureil values marked on the out- 
side. Considcrahle later confusion will 
he avoided li.v this iireeautiou. 

To isolate the inductive and capaci- 
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live effects of the tran.sfornier wind- 
ings ad,jaeent to the ccpnilizcr, T-jiads 
should he u.-ed at hoth cuds of the net- 
work, .\n attenuation of !t illi is suf- 
ficient to provide (!omplcte i.-^idation, 
lint it is iKissilile to use only fi dh at 
tcMuatlou if the over-all network losses 
liecoine tiMi j;reat. 

Two methods nia^' he useil to provide 
the proper workiiifr load for the eipial- 
izer anil T-pads, Tf the input trans- 
former to the rccordiuf; amplifier mnsi 
he operated without .secondary load- 
iufr, due to inclusion within feedliack 
loops, for example, then the iiriiuary 
windiuf; must he loaded with the prop- 
er value of resistance (in this ea.se, 
•lOO ohms), irowevcr, if the .secondary 
can ho loaded, then tho step-up ratio 
of the transformer should he fiffiired 
and the proper resistance shunted a- 
(Toss it to rcllect .'lOO ohms to the pri- 
Miar.v. 

It ma.v he conveiiieiit to utilize the 
secondary loadiii;; resislanee as a iio- 
tentiometer to control the nain of 
the amplifier. Loadinpr the secondary 
aids in redueiufr distortion, and is jirc- 
ferrcd whenever it can ho done con- 
vcnieiitl.v. 

The la.yout of the eipializer is shown 
in Flu. S. Tn its expeiimental form Un. 
Ifi, and /?,-, are iMitentiometers; lii and 
/i'^ are the .series and shunt arm.s of the 
isolation pads. Values of 2000 ohms 
for A'l and 20,000 ohms for /'.-, will al- 
low sulKiMcut rauffc for test iiuriiosos, 
/i*;i, sulistitutinjf for the radius equal- 
izer, should be 5000 ohms. 

The radius losses should now ho 
charted. Without an.v lue-emphasis 
equalization, record hands of 1000, 500(>, 



7000 and 10,000 cps at radii of 7, 6, 
6, 5%, i'A, 4 and 354 inches. Tabulate 
the playback readiiiRs of the.se test cuts, 
as in Fig. i. The desired response of tho 
radius equalizer will now lieconie ap- 
parent. TTsually the losses at the smaller 
radii will be too great for an.v iirnetical 
amount of compensation to ovcrcoiuc 
entirel.v, es|ieeially when added to an 
alread.v pre-ompliasized respon.se. It i- 
sat isfactor.v to cmplo.v sufficient e(]ual- 
ization to maintain flat ]ila,vhack to 
about .50(Kt cps at these inner radii. 

Computation of NAB Equalizer 

It is now iiossible to comiintc tho 
equalization iiecossar.v to provide tho 

eqiiivalcnt of the NAl! r irdiiif; curve. 

'I'lio responses of the cutter it.sclf should 
\>i: taken b.v plotting the pla,vback read- 
iiiRs from the calibrated pickup. Test 
frcipiencics shoidd be .50, 100, 200, .500, 
SOO, 1000, 2000, 4000, SOOO. 10,000 cps 
with the higlu'st frc<pienc,v at the outer 
cdjre of the disc. 7>y adding the irregu- 
larities of the cuttiT algeliraieall.v to 
the ,\'AH standard curve, the desired 
respoii.se of the eipializer will be shown. 
For example, if the cutter is -." db at 
10,000 eps where the NAI! standard 
calls for -|-lfi db. the desired response 
of tho eipializer should be -|-19 dli Thus 
the rr])r(nltirintf compjfnu'ttl of the 
.VAR pre-eiiipliasis curve will be met, 
and the system will produce a Hat jihiy- 
back rcspoii.se from an.v staiiihiril ropro 
ilucing system. In these coiiiputations 
the designer should be careful to use 
SOO eps as tho reference point. Of 
course, a cutter that departs from thit 
response at the high end of the spectruiii 
by more than 4 or .5 db caiiiiiit be fully 
compensated, and it is also iiiiprai'tical 
to attempt to neutralize large jicaks or 
valle.vs within the spectruiii b.v this 
metliod. 

The most crucial jirobleiii will be the 
trejitment of the region from 100 to 
l,t)00 eps. .\ii.v ilciiartnrc from flat ]ila,v- 
back ill this spectruiii, wliicli includes 
most music and siH'cch fiiiidamciitals, 
will be serious when the s,vstein is called 
iilioii for comiilex dubbing work. If the 
ideal curve of a reeoriling head with 
stiindard .500-c|is crossover is |ilotted 
against the XAR curve, Fiij. ■'>, it will 
be seen that tho siiectruiii from .50 to 
.500 eps will be higher than the .V.\l! 
curve b.v about 2 <lb. To correct this, 
the equalizer must start to rise as low 
as ."iOO cps and reach -|-3 ilb at 1000 cps. 

However, with an.v coiiibiiiatioii of 
/?4 and A*r, that did not jirovide too 
iiuicli loss for the s.vstciii to liaiidle, 
such a curve became a.syiiitol ie at about 
.5000 eps when the proper capacitance 
V-2 was einplo.ved to provide the correct 
slope from :5000 tn 4000 cps. In order 
to kec]! the respon.-o rising from .5000 
to 10,000 cp.s, it proved necessary to add 
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nn auxiliary capacilance, Ca. across 
tlie entire radius-equalizer resistance. 
Obviously, any capacitance added here 
detracts from the effectiveness of the 
automatic radius-eciualizer nnle.-^.s the 
shunt resistance is lowereil. 'I'his, 
in turn increases the loss of the net- 
work, ami a constant cheek of the out- 
put lev(d from the rceonling amplifier 
nmst be nuulo while working with trial 
values to a.-ieertain that sufficient power 
is still available to drive the cutter. 
The radius-equalizer also must be ob- 
served periodically to determiMe that 
the curve is capable of being incri'ascd 
by the amount necessary to add full 
e(iualizalion ni> to .KHJO cps at the inner 
radius. 

']'ho final values of the components 
in the ecpudizing s>-sleni, as set up on 
breadboard, should be capable of pro- 
viiliiig a curve to fultill the require- 
nionls of both SAli pre-emphasis and 
railius los.«es. After these values have 
been ascertained, the size of the series 
resistors between the segments of the 
nntomatie radins-ecpndizer may be de- 
termineil. In onler that tbo over-all 
gain of the system should not i-hange 
by more than 1 dh when the sliding con- 
tactor momentarily shorts two segments, 
the value of each resistor should be 
kept small. 'I'he device built at WSAI 
was divided into nine segments, pro- 
viding a change of ri'spimse every \'A 
minutes. The values of resistance neces- 
sary were touml b.v measuring the set- 
tings of poti'ntiomcter A'a when ad- 
justed to give the ilesired response at 
the various radii. In regards to radius 
los.scs. it was found that the combina- 
tion vertical-lateral pickups used in 
the regular studio turntables were less 
efficient than the Pickering Pickups 
nsed in the re-re(-ording siitnp. 'J'here- 
fore, use was nanle of the switch sui)- 



plied with the automatic radins-equal- 
izer to change capacitance! values, in 
order to provide a less steep curve for 
transcriptions nuulc expressly for copy- 
ing. .\(hlitional posit iinis were proviileil 
on switch to make the maxinmm radius 
(Kjualizer ros|)onpcs availabli- as tixeil 
curves. 

Network For RCA Cutters 

The ni'lwork designed for use on 
lit 'A rei oriling heads will differ from 
the above only in the detail of treal- 
miMit to the siHictrum from KK) to 2,(KI0 
cps. With the high crossover frccpiency, 
KMMI cps, it will be noted that the cou- 
staul-amplilude portion of the curve 
already fits the N'AIJ Standard before 
any pre-emphasis is added. luasmuch 
as it is impossible to make a rising 
curve of 4 ilb |ier octave with a total 
of I." dh from im\ to 1(1,000 cps and 
which has no ctTcc-l on the region from 
1000 I'ps down, the real probleiu is to 
minimize any i-hange in the lowc-r 
spectrum. Fortunately, most K(JA cut- 
ters have a L' dh rise at L'0(HI cps. By 
taking advantage (d' this existing hump, 
it is only necessary to design the net- 
work with a slow beginning rise and 
a rapid increase at the high frequencies. 
This can easil.y be done by adding 
auxiliary capacitani'c across the radius 
equalizer resistance 

Listening tests indicated that a slight- 
l.v less sttH'p pre-enqihasis ciu'vc seems 
to be in general use toilay for phono- 
graph records. A T.'')-/^scc n<-t\vork, villi 
a total rise (d' 10 dh at 10,(MI0 cps sounds 
(|uite acceptable. A value of C'a/A'.-i was 
chosen which provided such a curve. 
The value id' lit w.^s so adjust(sl as to 
hold the signal level of (he uncipialized 
liortion of the freipicui-y spectrum at 
the same level as the XAI5 position. 
Inasmuch as it is impractical to use 
radius e<pudization with phonograph 



records, the automatic equalizer is 
turned off in this service. However, it 
is still available if desired. 

A Hat positii>n of the equalizer net- 
work was also provided for test and 
other i)nrposes. Without prc-empliasis, 
it is pra(-tical to include a greater de- 
gree of radius equalization at the inner 
ilia meters. The section C-^-li:, is re- 
moved and the loss increased in the 
rear i)ad, so that there is again no in 
crease in over-all level when this jiosi- 
lion is used. It is practical to find the 
necessary pad value by sidjstiluling a 
standard variable attenuator and read 
ing the loss directly from the dial. 

Due to the nece.ssity of keeping the 
autiuuatie equalizer connuon to all 
]Hisitions of the selector switch, the aux- 
iliary capacitor C'a, nsed on the NAM 
position, became .shunt to ground 
through 800 ohms when the switch was 
naived to another position. ']'he result- 
ant high-frequency atteuualiou could 
he counteracted on the I'lniNoiancii 
IK)sition by increasing the value of I'-j. 
However, on the fl.^t position the lu-cs 
enee of Vs caused 4 db attenuation at 
10,000 cps. To correct this, it becana; 
neccs.snry to shunt the scries arms of 
the outimt pnil with a .(H-z^f capacitor. 
Figure B is a schcnnitic of the entire 
equalizer and Hij. 7 shows the control 
panel. 

Operating Techniques 

The operating stuff was introdueed 
to several techniques which enable the 
studio to produce eomijotcnt work. 
Kor instance, in handling quantities 
of direct-copy niaterial, the original 
record is nnule with the cutter carriage 
in a direction of travel opposite to that 
of the finished copy. This, in conjunc- 
tion with the action id' the antiunatio 
diualizcr, prodm-es uu anaizingly faith 
iCoiititiiird on piujr U5) 



Fig. 7. Control panel and patch field of recording bay. 
All bays are identical. 




Fig. 6. Complete equalization system for 500 cps crossover 
cutter, showing NAB phonograph and flat equalizers, and 
the two-position radius equalizer available for each curve. 
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LOW FREOUCNCT CONTHOL 



Fig. I . Schematic 
of versatile pre- 
amplifier with 
two phono inputs, 
cathode-follower 
output. 



A Continuously Variable 

Equalizing Pre-amplifier 



DAVID C. BOMBERGER* 



TilE reprudiictiuii of [iliuuograpli 
records lias loii^j lici'ii rojiiplifutuil 
by u lacli of uiiii'urmity in the ro- 
uurdiiig uharacteristies. Wliilu liruiid- 
cast transcriptions have been tiiirl.v 
Consistently made with a slamlard 
low end roll-off and high end pre- 
emphasis, the recordings available to 
the general pnblie have not been so 
standardized. As a result, it is diffi- 
cult to choose a freqnene.v character- 
istic for reproduction which will pro- 
duce satisfactory results for all com- 
mercial pressings. The advent of mi- 
crogroove recordings, with identical 
characteristics as ])ublishcd, promises 
hope for the future, but at the mom- 
ent it further complicates the prob- 
lem by adding yet another character- 
istic to the list. 

One evident solution to the prob- 



lem is an adjustable equalizer which 
permits the reproducing characteris- 
tic to loniplenient that of the record- 
ing, whatever it may be. This is prac- 
ticable only when all the required 
characteristics are known, hacking 
knowledge of the exact requirements, 
the approach nuiy be a continuously 
variable equalizer which will approx- 
imate all possible ri^cording character- 
istics. Then an ailjustment may be 
made by ear. While this nicthoil does 
lack exactness, it can lead to aural 
satisfaction which, after all. is its 
purpose. 

Equalixation 

KqiKilization is jKUJually arhicvod 
hy what might be considered a "mul- 
tiplication"' ])ri>cess. Hy this is meant 
that the gain-fre(|uency characteris- 
tic (in the form of input-output ra- 
tio') is inidtiplioil by some function 



of liciiueucy. Any reasonable func- 
tion of IreHiuency is obtainable with 
/■', /, anil C networks, hut a contiiui- 
onsl\- variai)le function of frequrney 
is another matter. 

An alternative niethoil of eqiniliza- 
tion might be termed "additive.'" 
That is, a rise in gain at some fre- 
quency, for example, is accomplished 
by the addition of extra voltage at 
that frequency. To proiluce au «iual- 
izing characteristic, a function of 
frequency must be applied to the 
amplitude characteristic of the addeil 
voltage, and the addition will thus 
have phase shift which varies with 
frequency. The design process, there- 
fore, involves vector addition instead 
of the vector multiplication of the 
ordinary design. While this process 
is somewhat troublesome, tlie realiza- 
tion of the design in circuit form is 
readily accomplished, since the vari- 
able control element is a potenti- 
ometer. 

The continuously variable equaliz- 
ing pre-amplifier presented here util- 
izes the additive method, with three 
transmission channels. One channel 
has a characteristic which is essen- 
tially flat at frequencies below lOOlt 
eps, and falls off at tlie rate of 12 ilb 
per octave at higher froiiuencies. This 
is the basic channel, to which vol- 
tages from the auxiliary chanui'ls .•iro 
aildo<l. The second channel has, at 
very low f re(|uejicies, 4lt dh more f;ain 
than the basic channel, but its gain 
falls at the rate of 12 db per octave 
above about 50 eps. The third chnnnel 
gain rises at the rate of 12 db per oc- 
tavo up to 15,000 ci>s; above this fre- 
quency its gain is also 40 db more 
than the basic channel. Outputs from 
the three cliaimels are added in a 
>-inKle tube fi-edback summing ampli- 
fier; potentiometers which add flat 
loss in the auxiliary channels permit 
control of the resultant transmission 
characteristic. 



'1108 East Front St.. /'lain field, /V. /. 

Fig. 2 (left). Response curves of bass-boost section. Fig. 3 (right). Response curves of treble section 
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The pre-aiiiplifier scliemalic is 
sliowii ill Fig. 1. Ill tliis particular 
tMiibodinient. iis used in the author's 
lidiiie, the input is a double triode, 
to acuupt signals from two variable 
reluctance phonograph pick-ups si- 
nuiltaneoiisly. After amplification in 
this tube, the signals are fed to a 
IKjtentioiiieter for gain control, and 
then s|)lil into two channels. One of 
these, the ha.sio channel, goes directly 
to the summing anijilifier. The other, 
which is further amplitiod by a triode 
stage, is 8ubdivide<l into the two 
auxiliary channels by low-pass and 
high-pass HV networks. 'J'hese net- 
works produce fieciueiicy functions 
suitable for additive ctpializatiou. 

The feedback amplifier in which 
the three channels are added has a 
cr.pacitor, Ca, across its feedback rc- 
sitor, lU. This, and the capacitor C\ 
shunting the plate circuit of the in- 
put tube, cause the 12 db per octave 
high-frequency cut-off of the basic 
elianiiel. 'J'he input resistor, Ri, for 
the higli-frei|ueiiey auxiliary channel 
has a capacitor, C'a, in shunt for par- 
tial compensation of the effect of 
these elements on tlie high-frequency 
auxiliary voltage. 

The summing amplifier output is 
ilireet-couplcd to the grid of a cath- 
ode follower, which i>eriiiits the use 
of the pri-aiiiplificr at a nuKlerntcly 
remote location. The maximum out- 
put of the pie-amplificr is not limited 
hy the output stage, which is capable 
of swiiifiiiig almost iOO volts peak-to- 
lieak. Overload occurs first at the 
grid of the auxiliary channel ampli- 
fier, which can swing only about one 
volt i>eak-to-iieak. Since the mid-fre- 
(luoncy gain from this grid is unity, 
ihc maximum output is also one volt 
pciiU-lo-i)cak. This is comparable to 
the output from a crystal pick-up, in- 
sofar as voltage is concerned. Because 
of the low output impedance of the 
cathode follower, the output power 
level of the pre-amplifier is consider- 
ably above that of a crystal. 

The measured iierforniance of the 
pre-amplifier is shown in Pigs. 2. S 
and i. Fig. 2 shows the effect of 
varying the attenuation in the low- 
frwiueiicy channel, with large attenu- 
ation ill the liigli-fre<nieiicy channel. 
In Fig. these conditions arc re- 
versed. It is seen that the two auxili- 
ary channels overlap in the region of 
500 to 1000 cps. The effect of this 
overlap is seen in the composite char- 
acteristics of Fig. i ; it is less than 2 
db for attenuation greater than 1") 
db in the auxiliary channels. Smaller 
attenuation will be used only to com- 
I>ensate unusually poor recordings, or 
to create siiecial sound effects. 



Only three characteristics are 
shown in Fig. i. Two of these repre- 
sent extremes, with cither no attenu- 
ation, or huge attenuation, in both 
auxiliary channels. Between these ex- 
tremes is a large number of iiossihic 
characteristics, of which only one is 
illustrated. 

The re(]uired e(|ualizatioii for nii- 
crogroove recordings is also shown in 
Fig. i. This characteristic may be 
achieved within a variation of ±-2.i) 
db with attenuation settings of 15 dli 
in the low-frequency channel and 40 



THE 27tii an.nuai, convention of 
the National Association of 
JSroadcasters will be held in Chi- 
cago from April 0 to 13, with the 
Stevens Hotel serving as liead(iuarters. 
Of particular interest is the Broad- 
cast Engineering Conference which 
occupies the first four days of the 
convention. 

On April G, the oiiening day. the 
afternoon will be given over to a tour 
of the Halliciafters plant, at which 
ladies will be welcome. 'J'lie papers to 
be given on Thursday morning cover 
television problems, from the selection 
of a transmitter site up to operation of 
the image Orthicon camera, and in- 
cluding the description of a 2,000-me 
relay link. 

The principal audio papers are 
scheduled for Thursday afternoon, and 
are: 

AM. FM, and TV Audio MeaiuremeMi. 
Frank H. Mcintosh, Consulting Radio 
Engineer, Washington, D. C. 
Tha NAB Recording & Reproducing 
Standards for Disc, and Magnetic Re- 
cording, Robert M. Morris, Radio 
Facilities Engineer, American Broad- 
casting Co., New York. 
Magnetic Tape Recording and Reproduc- 
ing, Dr. S. J. Begun, Vice-President 



db in the higli-f lequeiicy channel. 

The method of equalization pre- 
sented here is not new. Circuits util- 
izing the addition of several channels 
have been described before, hut meagre 
performance data were given. The 
data shown here are the results of 
measurements nia<le after the circuit 
was tailored to produce what were 
considered to be desirable characteris- 
tics. Kxiierience with the pre-anipli- 
ficr lias given convincing evidence 
that this degree of flexibility is pro- 
fitable. 



in charge of Engineering, Brush De- 
velopment Co., Cleveland, Ohio. 
Properties of Magnetic Tape and Their 
Relation to Magnetic Recording. Keyn. 
olds Marcliant, Development Engin* 
**er. Magnetic Tape Equipment, Min- 
nesota Mining & Manufacturing Co., 
.St. Paul, Minn. 
A New Portable Audio Amplifier for AM* 
FM-TV. William W. Dean, Audio En- 
gineer, Broadacst Engineering Sec- 
tion, General Electric Company, Syr- 
acuse, N. Y. 
The official opening of the exhibits 
is at 5:00 p.m. in the Exposition Hall 
of the Stevens Hotel, with ladies again 
being invited. Smaller equipment will 
also be on exhibition on the fifth and 
sixth floors of the hotel during the 
entire convention week. 

The Friday morning session in- 
volves transmitters and problems as- 
sociated with them, cAcept for one 
Iiapcr to be given at 11:15 a.m. on 
Automatic Selection of Broadcast Pro- 
gram Circuits by .lohii A. Green of 
Collins Radio Co., Cedar Rapids, 
Iowa, to be followed by a demonstra- 
tion to be given by Mr. Roliert D. Es- 
sig of the same company. The after- 
noon session again deals »-itli televi- 
sion, while the Saturday morning 
{Continued on page .iT] 
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Compact 6AS7G Amplifier For 

Residence Audio Systems 

C. G. McPROUD* 
Part II — Further constructional details on two-unit amplifier of unique design. 



IX Tin: niisT section of tliis scries, 
u new lypu of niiiplitici' mis do- 
srrilu'd, 'I'liis anipliHor ciuploys 
a novel nrriinsciiiciit for fiirnisliiiif; 
plate powiT for the oiitjuit stngu iis 
well as lliu il-e Klainciit power for all 
the otiier slatres. While the ileslKii 
was tliseiissetl tlioroii;;'hl.v, exael eoiu- 

poiient values wei niittuil peiuliiif; 

the results of the iiieasiireiiieiits <tf 
tlistortiou ami overall iierforiiiaiice. 
These! iiieasiiri'ini'iits hav<' jiistitied 
prelimiiiarv tests, and the eonipi>- 
iieiits are listed h<'reiii. 

'I'lie results of the purforiiiajii'e tests 
are yralifyiuy;. Power output at one 
|)er e<'nt liarriionie distortion is li.o 
watts at 441(1 eps, (i.i' watts at I'o eps, 
and watts at ".'(I.OIIO ciJS. Kight 

dh of feedhaek is t'lnployi-d, extend- 
iim froia tlie seeondary of the output 
transfonuer to the cathode of I'l-b. 
The output iniiK'dauce on tlu; ItJ-ohiu 
tap is 1.*") ohms, which sivcs excel- 
lent (laniiiin;:. The frecpiency response 
curves were shown in I'art I, with the 
tapped tone switches in various j»usi- 
tions. ITuni a n d noise iueasur(!S 



- dlini, whieh is not i^xei'ptioually 
low, but which is within the range of 
giKMl (piality ainplitiers. 

With the volume control at max- 
imum — which is the operatiuf; point 
for the greatest room volume norniid- 
ly dcsir<Hl — a two-volt input signal is 
recpiiriil at the two radio input jacks 
for a two-watt output. This does not 
leave nuich leeway, but will sufKee for 
most tuiiwrs. The phonograph pre- 
amplitier supplies the additional gain 
to bring the output of magnetie pick- 
ups to the e<|ual of the radio inputs. 

Tlu! original design provided for a 
roll-((tT in the LP phonograph posi- 
tion so that these records would re- 
produce normally with the toni^ con- 
trols in the ixisitions for flat reponse. 
However, this docs not provitle suf- 
ticicnt gain, so it is considered miu'c 
desirable to (diudnate Jl\' and ('.-.. 
Values f()r these eompoiicnts are given 
in the list of |)arts. but it is recom- 
mended that the arm of NH'n. be con- 
nected directl.v to the 1,1' position 
contact of NM'i.'. as .shown in the 
sc'licmatie, Fiij. i. It shotdd be men- 
tioned at this point that the elimina- 



*.Mal)at!il)g Editor, AuliU) Knoinkkklng 
Fig, I. Partial wiring diagram of power section to show component mounting 




tion of this ctpiali/.at ion arrangement 
does not prevent the user from repro- 
ducing LI' records at the correct tone 
control settings, beeanse ))osition 4 of 
the high-frequency tone control gives 
the correct roll-otf for these records. 

List of Materials 





O.U.S lit. 4111) V, pap. ! 




•tHW fit, nlica 


c. r.H 


.002 fit. niica 




'IrtOfifit, Centralab Hi-Kaps 


C-. (.9, Cliu ( 


'n 7.S0 ^^r. (!entralali Ili'Kaps 




.(K)6 nfit, mica 




0.1 III. 400 V, paper 


<:\:,ii, h. c 


l.S-l,S-10/4.S0 cleclroljtic 


«i. 


10.000 (all values lj-waii 




indt'ss otiirrwise specified t 


«■., «■.., 


2200 


«.■,. lU 


0.12 rafp. 1-watt 


«4 


1,0 rneg 


«7 


0.1 lUrs 


Hh 


47,000. 1-wall 


iiu, fill 


O..S-iae}; potentiometer 


«]■•♦, «.7 


0,12 mep 








0.27 meg 


«1S 


82.000 




68.000 




3.3.000 




0.39 meg 


«■•;., «:;4 


0,18 meg 


«T. 


.56.000 




1000 




0.1 mej:. 1-watl 


fijs 


special volame eontrol 




(see text) 


W.lo 


0.,Vi mec 


"a I 


27(K) 


"33 


82.000. 1-walt 




22,000, 1-wall 


SITi 


Mallory 3136J 




Mallnry 311.SJ, modified 




(see text) 


SB':, 


Mallory 311.';j 


1,. r. 


12.S1.7 


1-3 


12SJ7 



*'riiesi' eolnponerils should be omitted — 
see text. 

The parts not s|)ecifieally described 
for the ijower section are as follows: 
(■;, 0..S III. (M) V, oil filled, halhtui) 
type 

C., 40-40-40, I.SO, electrolytic, with in- 

sulatili;; tube 
Cs, Ct 125 III, 3.S0 V, eleclrolylic, with 
insulating tube 

40-30-20-10/450, electrolytic • . 
0.1-0.1, 600 V, oil filled, batlilu.b 
type 

«,, «2 600, 5-watt 

5(X)-ohm wire- wound poleni iometer 
15,000, 10-walt 
Rr,. Ra 6800, 2-wati 
K- 5, 5-watt 
SITi SPST toggle switch 



«3 
«4* 
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7*1 pusli-puU injuil, special clianncl 

nioiiiitiiig, no (I.e. in primary; 

Freed I72'W 
7':; 4(K)() ohms plale lo plalf. 4-8-16- 

ollnt secondary; Freed 1.S929 
r.1 325-0-325 V at 50 ma; 5v at 2a; 

6.3v at 2.5 a. Freed F-4I3 
Ai, .\-_' 200 ma selenium rectifier 
*Sliown on diagram as 7500 ohms. This 
value should he adjusted to provide 36 
volts across filament string. 
Tlie perfurniiiiice of iiny aiiii)lifier 
dciwiids to a large degree upon the 
(inality of the cuini)oiieiits used. At 
the time this aiuplitier was designed, 
it was desired to use high-quality 
transformers throughout, and to make 
the i)Ower section as compact as pos- 
sible the input transformer had to be 
mounted underneath the chassis. This 
ruled against a cased type, and few 
manufacturers list high-quality trans- 
formers ill open-frame mounting. The 
unit employed was designed to work 
between a single 12SJ7, triode con- 
nected, with no d.c. in the primary, 
and to obtain adequate driving volt- 
age for the grids of the 6AS7G it was 
required that the step-up ratio should 
be fairly high. To get this performance 
and retain a wide frequency range, 
the transformer is wound in two sec- 
tions, both placed on the center leg of 
a conventional E-I core. Measured 
frequency response of the transform- 
er itself indicates a droop of 1 dh at 
30 cjis and at 30,000 cps. The output 
transformer, also special, shows a 
drooi> of 1 db at 17 ci)s and at 120.000 
cps when operated without feedback, 
and droojiing 1 db at 15 ops and 02,- 
000 cps when operated with feedback. 
Similar output transformers are avail- 
able in the standard Freed line under 
number F-1951 with output imped- 
ances of 1.2 to 30 ohms, and under 
number F-1950 for impedances from 
50 to 500 ohms. 

The following table indicates trans- 
formers of high quality which are 
generally obtainable from jobber 
stocks and which should r>erform satis- 
factorily, since their characteristics 
are similar to those used in the orig- 
inal amplifier. 

Construction Hints 

There are a number of suggestions 
which may be of interest in the con- 
struction of these two units. Refer- 




F!g. 2. Underside of 

ring first to the power section, it will 
be noted that the two filter capacitors, 
Ci and C\, are mounted on a bracket 
under the ouput transformer. There- 
fore, they are necessarily installed 
after the wiring to the output trans- 
former is comjjleted. The balancing 
potentiometer, Hn, is also mounted 
on a bracket so that its shaft may be 
ailjusted through a hole on the chas- 
sis between the two capacitors moun- 
tcil on top. The selenium rectifiers are 
mounted tin a f)-32 threaded roil which 



power section chassis. 

The value for the resistor Hi was 
shown as 7500 ohms. This gives some- 
what too much current through the 
filament string, and it is found that 
15,000 ohms is more suitable, since 
the voltage across the filaments should 
l)e 36 volts. R^ has been added to re- 
duce the peak current through the 
selenium rectifiers, and 5 ohms is a 
suitable value. This resistor is con- 
nected between S\\\ and C.i. 

The jiush-puU input transformer i? 
mounted directly below the 0AS7G 



Fig. 3. Wiring 
diagram of two 
tone-control 
switches. Switch 
plate on H-F con- 
trol is changed to 
■furnish tie points 
on -five-step 
■frame. Only one 
contact arm is 
used. 
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IN 

MALLORY 31 15 J 


UAUOKY 3tl5J 


WITH 3I26J PLATE 


L-F CONTROL SW-3 


H-F CONTROL SW-2 



passes through two strijis of Biikelite 
attached to beut-up angles on the 
chassis. Two .^aw-cuts are made in. 
ajiart and extending for two inches 
along the chassis. At the center of 
these two cuts, another out is niailc 
between theiii. This frees two ''Hap.s" 
wliii'li may be bent up to mount the 
Hakelite strips. The cover is bent uj) 
from pcrforateil metal to prevent ac- 
cidental contact with hands or tools 





TABLE 1 








Ti 




Ts 


Audio Development Co. 


2I4II* 




5 ISC 




2I.SC* 




< large ( 


Cliicago Transformer Div. 




HO-6 


PCC.70 


Stancor 


A -4750 


A -3800 


I>.4fl78 


Thordarson 


T20A22 


T22S70 


T22li02 


IITC 




l..<-.S7i 


I! -54 




CG-I32' 


1 S..55= 








rr.. 16 




•Insufficient space under ehas 


sis to monnt these nioi 


els. 




Woice coil secondary only. 


-Voice coil and line 


secondary. 





socket, using leads as short as possible. 
This will niirinaliy rcijuirc that the 
leads be connected before the trans- 
fiirnier is bolted in place, and since 
the lends are likely to be of relatively 
light wire, care should be exercised in 
this operation. The two bathtub cap- 
acitors are mounted on ojiiKisite sides 
of the chassis, with tic-jioints instal- 
led ail.iacent to them. One is needed 
to make the connection to the plate 
cud of the jirimary. and the other 
serves to hold I!-. 

With some transformers it is prob- 
able that there will be a teiideno.v to 
oscillate at some super-audible fre- 
qiieiic.v. This may reipiirc some ex- 
IH'rimeiitation. but it is suggested that 
a small cajiacitor across each half of 
the primary of the output transform- 
er, or possibly across the secondary of 
the inimt transformer, will suffice to 
eliminate this trouble. I'robable values 
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Flg. 4. Schematic of input section, with component values. 



will be in the vicinity of .002 Mf. Fig- 
ure i is a partial wiring diagram of 
parts employed in tlie power section, 
while Fig. 2 is a photograph of the 
underside of the completed amplifier 
chassis. 

The preamplifier section sho\m in 
the photograph of Part 1 is somewhat 
smaller than the average constructor 
may wish to employ, but it was built 
in this manner to keep the space re- 
quired to a minimum. The chassis was 
fabricated from a 2 x 7 x 11 alumin- 
um chassis base, cutting it apart at 
the center. The sides of the chassis 
are then cut IH in. from the open 
end, and folded in to provide a H-in. 
angle. The top is folded down, result- 
ing in a chassis approximately S'A x 
7x2. The tube sockets and tlie electro- 



lytic capacitor are mounted on this 
section, with the controls on the op- 
posite side of the chassis. The input 
selector switcli is mounted on one 
end, with a lever extending through 
the panel for its operation. If the 
chassis lengtli were extended to eight 
or nine inches, the selector switch 
could then be mounted on the front 
in line with the other controls, and it 
is quite probable that it would be 
easier to install in a cabinet because 
of the difliculty in cutting a neat slot 
to pass the lever-type arm used to 
actuate the selector switch. 

In the parts list several references 
were made to the text for further ex- 
planation. The volume control, J?28, 
is the loudness control described in 
the February issue,' and consists of a 



Fig. 5. Input section wiring diagram. 




Centralab 1443 switch on which are 
mounted the resistors and capacitors 
necessary to obtain the desired com- 
pensation. 

The high-frequency tone control 
switch, SWa, needs a little further 
description. The series of switches se- 
lected for the tone controls consists 
of small units which are desirable in 
such a compact amplifier. However, 
the exact assembly of contacts is not 
obtainable, so the switch used was 
made by using the frame and mechan- 
ism from a 3115J switch with the 
contact plate from a 3126J switch. 
This gives a number of tie points for 
the resistors used for the cut-o£E cir- 
cuit, as well as for the input connec- 
tion. The capacitors in this circuit 
are all mounted directly on the switch, 
being soldered to the frame for ground 
connection. This is not usually con- 
sidered the best practice, but it must 
be remembered that this section of 
the amplifier does not have any a-c 
circuits in it, and there is little 
chance of ground loops causing hum 
trouble. Suflice that the unit as con- 
structed exhibits no troubles from 
tliis source. The exact arrangement 
of the tone controls is shown in Fig. 
S. Similar methods were used for 
both, in that all parts are wired di- 
rectly to the switch, but the low-fre- 
quency control is a standard 3115J 
switch without modification. 

The overall schematic. Fig. i, is 
essentially a repetition of the schema- 
tic published last month, with the re- 
moval of Ri2 and Cs as previously 
discussed. The wiring diagram. Fig. 
S, indicates the arrangement of parts 
and the wiring between them, while 



i"Full Range Loudness Control." Winslow, 
Ai'Dio En(;i>ef,rinc. Feb. 1949. 
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the photograph of Fig. 6 shows the 
method of mounting the resistor strip 
on tlie back of the volume control 
switch. 

Unless the builder is reasonably 
well experienced in construction of 
small amplifier equipment, it might 
be desirable to increase the overall 
size of the input section. It is definite- 
ly possible to construct the unit in 
the size shown, but it must be admit- 
ted that it is extremely compact, and 
as the size is reduced the comjilexity 
of construction is increased. Of 
course, once the amjilifier is completed 
there should be no need to get at it 
again, assu»iing that the constructor 
takes reasonable care in the selection 
of resistor and capacitor ratings to 
prevent the possibility of failure in 
use. 

A more conventional construction 
of this entire amplifier would un- 
doubtedly reduce the hum level still 
further, and if a larger power trans- 
former were used — one which could 
5upply the 0.9 amps of filament current 
required b3- three 6-volt tubes in the 
input section — the electrostatic field 
existing between heater and cathode 
of the present first 12SL7 would be 
reduced. If made in two units, how- 
ever, it would be preferable to use a 
separate cable from the power section 
to the preamplifier to carry the heater 
current, although the signal from the 
preamplifier to the power section is 
of a relatively high level and it is 
possible that no trouble would be en- 
countered from this source. 

If additional gain is required, the 
cathode follower section of can be 
changed to a conventional amplifier, 
thus giving approximately 32 db more 



Fig. 6. In- 
terior of in- 
put section, 
showing the 
mounting 
ot resistor 
strip on 
rear of 
compensat- 
ed volume 
control. 




gain than with the present arrange- 
ment. For the uses for which this 
amplifier was designed, however, this 
should not be necessary. Another pos- 
sibility is that a GSN7 could be sub- 
stituted for the GSL7 used as Vi, (if 
a filament transformer were being 
used, together with G-volt tubes) again 
using the ami)lifier connection rather 
than the cathode follower, and the in- 
creased gain would be of the order 
of 10 (lb. This suggestion would only 
apply if the filaments were arranged 
to be supplied from a transformer 
winding, since the 12SN7 will not 
operate in a series string with the 
12ST.7 and the 12S.I7, inasmuch as 



the 12SX7 draws a filament current 
of 0.3 amps. These are design modi- 
fications, and some ingenuity on the 
part of the constructor will be neces- 
sary to arrive at the exact desired re- 
sult. It is felt, however, that the amp- 
lifier as described performs satisfac- 
torily, and that no changes are neces- 
sary for the purpose for which it was 
designed. The amplifier was designed 
for one application — that of modern- 
izing an existing installation, or for 
providing a control arrangement 
which could be adapted to cramped 
quarters with the greatest of ease. 
This requirement is fulfilled ade- 
quately by the arrangement shown. 



Measuring Procedures for Magnetic Recording 



ABOUT tliree years ago the Radio 
Manufacturers Association organized 
a subcommittee of the Committee on 
Phonograph Combinations and Home Re- 
cording to suggest standards for magnetic 
recording equipment. A series of sub- 
subcommittees were formed shortly there- 
after, one of which was commissioned to 
work on "magnetic recording terminology** 
and to propose measuring procedures for 
magnetic recording. This sub-subcommit- 
tee has now released recommendations for 
measuring procedures for magnetic re- 
cording. 

While it fully recognized that this 
material will be subject to modification 
with additional knowledge becoming avail- 
able, it is felt that it presents a valuable 
basis for comparing the performance of 
various types of magnetic home recording 
equipment. To give this tentative proposal 
as wide a circulation as possible, the RMA 
Subcommittee on Magnetic Recording has 
approved its publication at this time. 



Particular attention is called to tiie sec- 
tion on Noise which is subdivided into 
System Noise and Medium Noise. This 
subdivision has been suggested since in 
most cases tlie inherent noise generated 
by a completely neutralized medium is 
lower than the noise which might be ex- 
pected in a typical magnetic recorder. It 
should be kept in mind, however, that 
noise measurements made, even on a 
properly neutralized medium, can produce 
indefinite results. To illustrate this point, 
a slightly magnetized reproducing head 
can greatly affect the noise generated by 
the magnetic recording medium and am- 
biguous results might be obtained. 

For the proper evaluation of a medium, 
not only the ground noise of the medium 
as such is important but also the modula- 
tion noise f noise-behind-the-signal) . No 
recommendations are presently available 
for an acceptable procedure for determin- 
ing the noise-behind-the-signal. There can, 
however, be no question that there is a 
gap in the measuring procedures which 
eventually has to be bridged. 



Another problem with which the in- 
vestigator of magnetic recording equip- 
ment is confronted is the determination of 
amplitude variations which are experi- 
enced in reproduction when steady tone 
signals have previously been recorded. 
The performance of a magnetic recorder 
depends greatly upon the magnitude of 
such amplitude variations. Measuring pro- 
cedures should eventually be provided to 
evaluate this deficiency of mediums and 
of complete magnetic recording systems. 

Measuring Procedures for Magnetic 
Recording 

RM.4 Sub'Subcommittee on Nomenclature 
and Measurements 
RMA Subcommittee on 
Magnetic Recorders R7.J^ 
I. FREQUENCY RESPONSE OF 
UNEQUALIZED SYSTEM 
The frequency response of a magnetic 
recording system depends upon the medi- 

(Continued on page 41) 
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Lyie Van, WOR-Mutual's ace news commentator (right) 
hears principles of Altec miniature microphone explained 
by Paul S. Veneklasen (left), Altec Lansing physicist, who 
with W. J. Moreland worked on 3-year development pro- 
ject of the tiny microphone. LyIe Van's six-o'clock news 
broadcast Tuesday, March 8, was first time the new 
microphone was used on the air. 



JOHN K. MILLIARD* 

Chief Engineer, Altec-Lansing Corp. 
1161 N. Vine St., Los Angeles, Calif. 



An Omnidirectional Microphone 

The entire communication field advances to higher standards when previously unconquerable obstacles 
are surmounted. An indication that such a turn of events has occurred in the audio field comes with 
the introduction of a miniature condenser microphone, described in this article, with a diaphragm hav- 
ing the area of a human ear drum. 



A large iminber of microphones havr 
been dcvoloi)(xl since the oriprinal 
worl< of Alexamler Orahani Bell. 
In the broadcasting, recording, and 
sound reinforcement fields, the double- 
button oarl)()n microphone was the 
earliest to come into wi<lespread use. 
This was later replaced h.v the Wente 
t.vpe condenser microphone in 1927. 
A few .vears later, (Ivnamic and ribbon 
microphones replaced the large di- 
ameter condenser t.vpc so as to obtain 
more uniform response and simplified 
e(|uiiiment. Later, directional micro- 
l)lioncs incorporating features of both 
dynamic and ribbon tyjies became 
available and were designed to provide 
various response patterns such as a 
figure eight (bi-directional), cardioid 
and modified cardioid patterns. Theo- 
retical patterns indicate that ideal 
conditions can be achieved only under 
"dead room" conditions. These pat- 
terns are then considerably modified 
when used indoors, due to reflection 
from the wall surfaces. In the extreme 
case of very reverberant rooms, little 
directional gain can be obtained over 
that of non-directional microphones. 
Also, directional microphones are 
larger than non-directional xmits and 
the sound field is accordingly distorted 
by their obstacle effect. This results in 
a directional pattern that varies over 



wide limits in frequency. The response 
angle becomes smaller at the higher 
frequencies. 

Obstacle interference is a direct 
function of size and frequency. This 
varies tlie directivity and absolute out- 
put of a niicr(tplione. The solution to 
the problem lies in making the size 
extremely .small. 

A high degree of cancellation in 
cardioid microi)honcs is usually ob- 
tained only at the middle frequencies. 
Coinproniiscs must be taken in i>hase 
.■ihift by the u.-io of mechanical and 
elo trical networks to obtain approxi- 
mately ISO-degree cancellation. Karlier 
experiments and data on phase shift 
indicated that the human ear has dif- 
ficidty in distinguishing between a 
system with considerable phase distor- 
tion and one without. However, later 
exiieriments indicate that a minimum 
jih.a.se shift is highl.v desirable in high- 
quality systems. In a comparison of 
high-quality systems having small and 
large amounts of phase distortion, the 
difference can be detected by a critical 
listening test. 

Ail the microphones mentioned 
which have been available for high 
quality work have many undesirable 
characteristics, the most important of 
which are listed below : 
1. Their large bulk causes shadows in 



Motion Picture and Television work re- 
quiring that they be moved farther 
away from cast than otherwise desir. 
able. In direct broadcasting or stage 
presentations they hide the face of the 
performer, since usual technique re- 
quires liiat the artist work very close 
lo them. 

2. Bass tones are unduly emphasized as 
the artists work closer to the micro- 
phones. This results in boomy repro- 
duction with poor intelligibility. 

3. Micropliones having freely suspended 
ribbons are susceptible to puffs of air 
caused by breathing of the artist. This 
causes an objectionable runiljle and in 
the extreme can produce damage. They 
are not shock. proof — a loud hand clap, 
or gun shot can render them inopera- 
tive. It is difficult to use tllem for ex- 
terior work in the presence of wind. 

4. Because of their directional cliaracter- 
istics at close range, many micropliones 
are used to give a required musical bal- 
ance in orchestra or band pickup. 

5. They have powerful magnets which at- 
tract iron tilings and often block the 
microphone during operation. 

6. The directional microphones limit the 
reproduction of the natural room tones 
which have been carefully designed by 
the architect for pleasing listening. 

In order to overcome many of these 
undesirable features and limitations, 
a miniature condenser type micro- 
phone has been designed. Its overall 
dimension is fi/lO" in <liameter and 
4/10" thick (appro.ximately the size of 
a stack of six dimes). It weighs less 
the 54 ounce (fi grams). A small cir- 
<'umferential sound entrance channel 
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20 mils tliick iirovides protection for 
the (liaphnif;iii and aids in obtiiinin^ 
an omnidircotional pickup charactor- 
istie. The diaphragm is one centimeter 
in diameter and is of a six?eial lami- 
nated construction. The resonance of 
the diaphrajiin is at a hijrh frc(]neiic.v 
and its peak is controlled hy the dainp- 
inpr so that it is nefflidihle, var.vinfr 
±1 db from its low-froqiieney sensi- 
tivity. 

The microphone is mounted on a 
base which has a ma.ximum diameter 
of one inch. This base contains a 6Anfl 
miniature vacuum tube wliich is easily 
replaced and the bottom of the base 
contains a Cannon 6-pin plug. 

The stand mount and outinit cable 
contains a Cannon receptacle and the 
necessary fitting; with a ^" -27 thread 
for stand moimts. This cable is in ef- 
fect a single-conduetor shielded cable 
desigmed to perform the necessary 
functions of the impedance-transform- 
ing tube by (livi<ling between the 
central con<hietor group and an outer 
group which also functions to shield 
the inner signal earr.ying group. This 
outer shield provides the leads for 
heater current, high voltage supply 
and groim<l from the power supply. 
This cable may be as long as 400 feet 
and is attached by a 6-pin Cannon 
plug to the power 9upi>ly and match- 
ing transformer unit. 

The output level of the microjjhone 
system is — 50 dbm in a sound field of 
10 dynes/cni.- The matching trans- 
former provides output impedances to 
work into equipment having assigned 
input imi)cdances of 30-50, 1,50-250, 
500-600 ohms. The output noise level 
is less than 30 phons. 

The cable which supplies the im- 
pedance-transforming tube is in ef- 



fect a single conductor cable in which 
the central signal-carrying conductors 
arc surrounded and shielded by those 
which supply the tube operating power. 

The blast-i)roof characteristics of 
the microphone make it unnecessary 
to jirotect it from extreme sound pres- 




The miniature condenser type micro- 
phone, photographed inside a walnut 
shell, is shown here actual size. 

sure levels and shocks which might 
cause distortion or damage to other 
t.V])c microphones. Tests made on this 
condenser mierojJume by firing a 22- 
calibre cartridge at a distance of eight 
inches indicate that its calibration is 
uncliangcd b.v such a blast. Based 
ui)on electrostatic rather than elec- 
tromagnetic principles,, it is not sus- 
ceptible to iron filing damage or mag- 
netic induction. The size of the hous- 
ing and the diaphragm construction 
allow tlie niicroi)honc to be used under 
wind conditions in external pickup 
work that otherwise would be imprac- 
tical. Tn public address and sound 
reinforcement applications, it is pos- 
sible with this microphone to achieve 
at least 4 db higher amplification be- 



fore feedback or howl is encoimtcrcd 
than can be obtained with other non- 
directional microphones equal to the 
best directional microphones. Flat re- 
sponse (lack of peaks) explains why 
this is possible — plus the fact that the 
sound is practically all reflected energy 
when more than 20 feet away from 
the source (in rooms). 

The microphone base is separated 
from the microphone by an extension 
which serves to reduce the obstacle 
interference in the immediate field 
of the microphone and also permits 
the micro|)hone to be used directly in 
front of the artist with little shadow. 

The weight of the combined micro- 
phone, base and extension is approxi- 
matel.v four ounces. It is anticipated 
that because of its extremely small 
size, weight and shadow as well as 
other outstanding characteristics 
mentioned above, this microphone will 
facilitate heretofore imachieved pick- 
up in the radio, television, recording 
and soinid reinforcement fields. 

The microi)hone system is the first 
of a series of apparatus resulting from 
a new basic investigation of sound 
piek-up limitations. !Major changes in 
technique, the development of new 
uses, and correlative advances in other 
fields are exi)ectcd to result from this 
development. 

So many Altec cngino^rs have con- 
tril)utc<l to the development of this 
new microphone that no one person 
can be singled out for special mention. 
This pro.ieet was initiated and super- 
vised by (i. L. Carrington. P. S. 
Vcneklasen and W. J. Morcland were 
responsible for imjxirtant electronic 
and mechanical developments. Capac- 
itance of the microphone unit is less 
than 20 microniicrofarads. 



Mass Production Tape Recording 



The final technical obstacle in the 
way of mass production of recorded 
music on tape now has been overcome. 
A machine has been perfected by Min- 
nesota Mining and Manufacturing 
Company, St. Paul, that can simul- 
taneously reproduce 48, hour-long 
tape recordings indistinguishable from 
the master transcription in one hour, 
according to an announcement by 
W. L. McKnight, president of the 
firm. 

These pre-recorded reels of tape will 
bo designed to compete with disc 
records for use in the home, in broad- 
casting, in schools and theatres. Since 
many sound engineers contend that 
magnetic sound tape has better fidelity 
than any other known sound record- 
ing medium, it is to be expected that 



recorded music on tajie may enjoy a 
competitive advantage over disc re- 
cordings, whether of the 78, 45, or 
33-1/3 ri)ni variety. Tape recording 
machines for homo use have been 
available for some time. 

Minnesota Mining and Manufac- 
turing Company describe the new 
machine as "a high fidelity multiple 
recorder capable of making tape re- 
cordings which are indistinguishable 
from the master transcription." Re- 
production is accoinplishe<l by an 
electrical duplicating process in which 
the signals from a master copy are 
picked up by a playback head, ampli- 
fied and fed electrically into a number 
of re-recording heads. The master 
tape and the tapes to be coi)ied are all 
nm side b.v side on a connnon capstan. 



Thus exact speed relation is main- . 
tained at all times. 

Recording tape is currently avail- 
able only in the unrecorded form, 
which is used by the major broad- 
easting networks as well as in homes, 
offices and schools for making private 
transcriptions. Announcement of the 
multiple recorder, however, opens the 
way for mass production of pre-re- 
corded music and promises to affect 
the whole field of soimd recording. 
Perfection of the multiple tape re- 
corder follows hard upon the intro- 
duction of 45 and 33-1/3 r.p.m. disc 
records and machines b.v Victor and 
Columbia respectively. 

The single mass production recorder 
built to date has been offered for 
lease by Minnesota Mining and Manu- 
facturing Compan.v, its producer. 

\Cont^uett on page 47] 
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OLB EDiTOit has brought up a point 
concerning electronic musical instru- 
ments where I was technically in er- 
ror, though the point 1 had to make was 
unaffected. In the Februar>- article I spoke 
of "pure" tones to be heard on an electric 
organ; it seems that according to engineer- 
ing standards of measurement the funda- 
mental tones produced by such devices 
are not pure, that indeed a pure tone is 
very difficult to achieve. What a pure tone 
is, then, is a matter of engineering vs. 
musical terminology. From a musical view- 
point, any tone that comes even fairly 
close to a continuous sine wave form is 
for all intents and purposes "pure" — by 
which we musicians mean, of course, some- 
thing higlily uncomplimentary. A continu- 
ous "pure" tone in music is a dead duck.^ 
It's lifeless, featureless, without character, 
unfit for musical purposes altogether — just 
a noise. I'd say the principal musical dif- 
ficulty with the electronic musical instru- 
ment is still that of oversimplification of 
the wave forms. You will find that the 
continuing distrust of such instruments 
(often a highly unreasonable blanket dis- 
trust that includes various instruments 
that work on utterly different principles) 
is, nevertheless, basically a feeling that the 
gadgets just aren't musically "natural," 
and tiiis feeling must be reckoned with. 

And by "natural/' I hastily add, we do 
not mean that your electronic sound must 
be a good imitation of some specific nat- 
ural sound. The advantage of the elec- 
tronic sound is that it can introduce all 
sorts of new ({ualities. Few musicians 
would quibble about this — unless provoked 
by manufacturers who insist upon using 
such terms as "electronic clarinet." We 
are entirely ready to recognize the musical 
value of new tone color combinations 
whatever names may be assigned to them; 
•illy, fanciful, inspirational, or what. 

But whether your newly created elec- 
tronic sound comes forth like a cello or 
an oboe, a new-born babe with asthma or 
a honking goose la goose is straight-bore, 
producing only the odd overtones) the 
musician will give ear and instantly make 
up his mind on one vital point — whether 
the lone is alive or dead; musically natural 
or unnatural. Being no engineer, your mu- 
sician will seldom be able to explain what 

*2?9 W. J,th St., Xeiv York IJ,, N. Y. 

1 The flute, as engineers know, can give an 
almost pura sine wava tone. But note well that 
such a tone is hardly what one hears in flute 
muHic. A flute player making actual music pro- 
duces the same multiple varieties of irre^utar- 
ity that are described later in this article. There 
must be the ictus of the initial accent, ^ bril- 
liance in loud passages (harmonic tone color) 
contrasting with less brilliance in soft passagea, 
a vibrato that is amonK the most noticeable 
fand must irresular) in any musical instru- 
ment, a breath-sound that is normal part of 
the music (and is not a sine wave) — all this and 
more, in addition to rhythm, phrasins, etc. A 
mechanically played flute, actuated by a con- 
stant stream of compressed air, may pt^oduce a 
sine- wave — but the sound will be noise, not 
music. No electronic sine wave* "beep" has yet 
been compared to flute music, that I know of ( 
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he means. Being only human, he will give 
you lots of reasons for his energetic (and 
probably correct) opinions that will make 
no engineering sense, for the most part. 
( Note the singing teacher who insists that 
her pupils generate their tone somewhere 
in space a few feet in front of the fore- 
head! Cockeyed, but pragmatic; it works, 
because with such conceptions singers ac- 
tually do learn to produce good sounds.) 
Explanations in physical terms of these 
things are up to the engineers to make. 
And in every case the musician, however 
false his physics may be, has a basically 
sound idea, needing only the delicate phys- 
ical interpretation that will reproduce it 
in electrical terms. What an astonishingly 
difficult and challenging area this fringe- 
area is, between the arts and the sciences, 
between objective scientific analysis and 
the far quicker, more penetrating human 
intuition! In the end, as we all have to 
admit, it's usually "hunch," that solves the 
most baffling problems, when the "hunch" 
is well backed by competent engineering 
training. 

What then, is an "alive" musical 
tone? How can it be synthesized? This 
column has touched ^ the matter before, 
but look at it this way. To be musical a 
tone must be complex, irregular, and that 
in many different ways. It must avoid all 
sorts of too-regular mathematical patterns 
that will kill its musical effect. A paradox, 
since most of us have supposed that pitch 
and rhythm in music were at least rea- 
sonably fixed quanitities, not to mention 
tone color. B^t no. Life, in tone, is highly 
delicate; it succumbs instantly to an over- 
dose of regularity. Yes, there must be a 
sense of pitch, a fundamental tone that is 
inlerpretable to the ear in a very exact 
sense. But even this is seldom mathemat- 
ically exact. A tone that is interpretable 
to the ear as an excellent musical "A" 
may be far removed from a pure 440 tone. 
Almost all musical tone, for example, in- 
cludes the baffling feature of the vibrato. 
It is frequency modulated. Take a lady 
opera singer producing a walloping A and 
play her 78 rpm record at 33. You will be 
astonished at what the ear has managed 
in its own strange way to interpret as a 
pitch of 440! The vibrato may waver up 
and down so enormously that, at 33, the 
ear recognizes no fixed pitch whatever 
hut only a sort of rapid-action fire siren. 
A graph of the sound would be even more 
baffling. Yet this isn't all — for even the 
vibrato's own frequency must not be fixed, 
if the tone is to be musical — -as electric 
organ builders know to their own distress. 
The vibrato is almost regular, but never 
exactly so — make it mathematically regu- 
lar, and instantly the tone is dead. 

Moreover, the amplitude of your vibrato 
must not be exactly regular. Amplitude 



too must vary minutely from instant to 
instant as the musical tone continues. Fix 
the amplitude mathematically and your 
lone is dead. Listen again to your lady 
singer and note iiow much the varying 
amplitude has to do with the musical sense 
of what site is singing — some passages be- 
ing almost "flat," others being highly mod- 
ulated with vibrato. So too with an oboe, 
a violin, even a trumpet. Only a few in- 
struments dispense witii the vibrato: the 
piano of course and its relatives; to a 
considerable extent, the clarinet. 

But vibrato is merely one factor that 
must avoid the mathematically regular. 
Even more vital is the tone-color problem. 
Engineers tend to take an average tone 
color for, say, a clarinet, ami assume that 
this is that instrument's official tone color. 
There is scarcely any instrument which 
produces a constant overtone pattern ftir 
more than a fraction of a second at a 
time; one of the main sources of musical 
"life" is the dynamically changing tone 
color of nearly all instruments as they (a) 
change pitch and (6) change intenaity 
and ic\ change methods of tone produc- 
tion. Perhaps the natural pipe-organ is the 
only instrument with a fixed overtone pat- 
tern that actually persists measurably. 

All of which no doubt leaves most en- 
gineers exasperated — if music is as touchy 
as all this, what in Heaven's name is the 
use of trying to please a musician! And 
yet this is music and always will be. Ex- 
asperated or no, these are the actual prob- 
lems that a sound engineer faces in any 
electronic musical instrument design and 
they cannot be dodged, only compromised 
with. \\ hen you come down to it (and 
this a fine reason for this colunm's dis- 
cussion of the problem) the same sort of 
thing is true for tiie recorded art. If you 
are going to reproduce musical sound in 
a natural-sounding way you must meet the 
challenge of the musical ear. Your success 
as a sound man, given sound training, will 
depend on it. too. 

Any electric organ designer knows that 
problems of naturalness go far beyond 
what I have suggesteii here. One must get 
the tone under way with the proper "ping" 
(the musical ear will take nothing else) 
and one must get It properly stopped, too. 
Can't just turn it on and off. One must 
see that the tone "speaks" a bit late in 
the keyboard-type instrument ; the musi- 
cian won't like an instantaneous action. 
I'nnatural. Theoretically, as volume in- 
creases tone color should become more 
brilliant. Natural mu^ic works that way. 
And so on. These problems bedevil sound 
engineers and in practice they are bound 
to involve very great compromises all along 
the line, depending, of course, on the cash 
available to put into refinements. Theo- 
retically anything is possible. Practically, 
the most ingenious compromise wins out 
musically. Far too often in today's elec- 
tronic musical instrument some regularity 
gets in that "kills" the tone as far at 
[Continued on page -^5] 
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The b«at not* rsiulfing from a hiqh level recordinq of fh» two frequencief, 200 and 230 cps. is teen !n fhit five fimei enUrgemenf. 



Making Magnetic Recordings Visible 



The technique used in making visible the sound tracks shown on 
Oiis page was described in an article entitled, "Alignment of 
Magnetic Recording Heads" by B. F. Murphey and H. K. Smith 
in the January 1949 issue of Audio Encineerinc. For some pur- 
poses, where several inclies or feet of tape are to be visibly ex- 
amined (as for editing), Mr. Robert Herr of Minnesota Mining & 
Mfg. Co., who has supplied these pictures, reports a more convenient 
and less messy method. The carbonyl iron is suspended by shaking 




in a volatile liquid, such as heptane (which will not dissolve the 
tape) and the tape is dipped in this suspension for a few seconds. 
Upon removal, the liquid will dry quickly and the track becomes 
visible. The carbonyl iron may be removed by wiping it off. This 
method allows some flocculation of the particles and does not 
yield quite so good resolution as the suspension in a more viscous 
medium, but it is simpler and adequate for examination by the^ 
naked eye. 



Balow; Tha word "tap*" wa% recorded with 
a full width '/i" track, using an Ampex 
machina at 30 inches per second. En- 
largamant, X 1%. 



Below: 
2 6 ' times 
enlargemant 
of a 0.1 • inch 
wavelength signal 
recorded on black ox- 
Id* tape Illustrates the 
fringing effect. In contrast 
to the other photo of a 
lOO-mil track, no modulation 
noise is avident. 




Above: A constant tone modulated bv a vibrating he^d is shown 
here. Magnification X 60. 




Below; A 0.1 
inch wave 
length recorded 
on a 0,1 inch track using 
noliy tape ihows residue of 
modulation noise between the 
prominent poles of this strongly re 
corded signal. Magnification. X 20. Alto 
lamination faults in head are visibi 




Above: Music recorded on oxide 
coated 35 mm film is illustrated by 
this photo. Ready means for ed 
iting and track location is pro- 
vided by making the track 
mibU. No enlargement. 
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Experimental Ultrasonics 



Part II — A description of some of the problems of instrumentation 
for experimental work in the realm of ultrasonic frequencies. 




AllOUT THE -MINIML'M AMOUNT of 
equipment required in tlie iiives- 
tigntiun of ultrasonics is a source 
of ultrasouic jiowcr, sucli as tlie Hart- 
mann generator, a niicroplione or 
picU-up, and an indicating device 
such as n receiver or oscilloscope. Of 
course, other indicators can be used, 
such as pigeons or inserts, which have 
positive reactions of various kinds to 
certain frequencies and amplitudes, 
but the lack of some niejisureinent de- 
vices is rather a handicap. 

One great <lifBculty in attempting 
to turn out a standard line of ultra- 
sonic apparatus is the very complex- 
ity of the requirements. A biologist 
might wish to investigate the effect 
of ultrasonic stimulation on cancer, 
and a cathode-ray tube production 
ma-i may wish to use the well-known 
dust precipitation effect to more rap- 
idly coat his screen with phosi)horus. 
In those cases both the generators and 
observation instrumentation would be 
quite different. Also, the biologist 
would be rather unskilled in using 
apparatus of this nature. 

In this article we shall discuss some 
design features of rather .<mall pick- 
up devices, such as would be used in 
a probe. It is almost imivcrsally true 
that all these receiving probes can 
just as well be used as low-power 
tran.smittei-s. so it would lie a great 
advantage always to design them for 
both functions. It is also desirable to 
make them immersion-proof, if jios- 
sible. .so the.v can be used in liquids 
as well as air or other gases. Most of 
them have a natural temperature lim- 
itation of some kind. also, and we 
wish to extend this to its highest lim- 
it possible. 

Another reqnirement is small size. 
These are to be used in sonic fields 
of small wave-length, and in general 
we wish them to disturb the field as 
little as possible. Of course, if we 
work uj) around the megacycle re- 
gion, the ]>liysical size must be many 
wavelengths in dimension for practi- 
cal apparatus for general use. al- 
though special microscopic devices 

•% Rnilio Magazines. Inr.. 3 ',3 Madison 
Avenue, New York 17, N. Y. 
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can be made if the requirement justi- 
fies the expenditure. 

Shielding against powerful electro- 
magnetic or electrostatic fiehls is of- 
ten necessary. As a rule, 00-eycle hum 
pickup is small, but can be troid)le- 
.aome if not kcjit in mind. A particu- 
larly difficult case is when two mag- 
netostrietive probes are used close to- 
gether as transmitter and receiver. 
Very, often the flux leakage from the 
transmitter will directly excite the re- 
ceiving unit and the supersonic coup- 
ling through the niediujn will be 
masked. 

It is a great jidvantage to design a 
series of imits interconnected with 
modern. 52-ohni concentric cable. It 
has 11 nice line of fittings available 
for all pnriio.sre, provides good shield- 
ing, is low-loss at all frecpiencies we 
may wish to u.se. and is very neat anil 
durable. Unfortunately, about the 
only type unit that can readily be 
made to match this low impc<lance is 
a magnetostrictive one. All the piezo- 
e.lcctries suffer severely from the high 
capacitance, and sometimes it is ne- 
cessary to go to troublesome or expen- 
sive steps to overcome this. 



A real hardship in designing a line 
of units is the wide frequency range 
we generally wish to cover in general 
experimentation. A final commercial 
installation can often be designed to 
operate at one frequency oidy. Before 
we can determine this optimum fre- 
<iut!ncy it may be necessary to inves- 
tigate an enormous range of many 
octaves. In working with snudi par- 
ticles in water it is usually interest- 
ing to investigate the entire spectrum 
frotTi 10 kc to nearly 10 mc. This is 
a rejil test of the designer. 

It is the pnrpo.se of this table to 
give a rather rough idea of the fre- 
quency limits of various transducers 
we may wi.sh to use. The range desig- 
nated as "natural" shows the frequen- 
cy limits within which no unusual 
difficulty is had in normal design. The 
"extreme" range shows maximum per- 
formance ever ob.servcd by several ex- 
perimenters. It may be only a single 
sharp jM^ak shown in some unusual 
mode of oscillation. 

Significance of the Resonant Peal< 

In general terms, we can operate 
our devices at resonance or off reson- 
ance by any desired amount. Since 





TABLE 1 






Device Natural Range 


Unloaded 


Extreme Range 


Max. Temp. (F) 


9 


Roclielle Bimorph 0 to .10 kc 




0-2 mc 


120 


Rochellc single 0 io .WO kc 


20.000 


0-3 mc 


120 


PN 0- 200 (piston) 


0-3 mc 


2.i0 


Mapne'ostriction 10- 100 kc 


30,000 


200 kc 


2.';o 


Rubber electrostatic 10- .SOO kc 




3 mc 


I.iO 


Quartz 50- 7.000 kc 


10.000 


Very high 


1.000 
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many show unloaded li values lliat 
are very liigli, we can mount them 
so that high Q is maintained, or load 
them down to almost any extent. 

The chief argument for high Q is 
the great output obtained at that res- 
onant peak, a very strong argument 
indeed. The price one pays for it is 
liigli, however. 

If the units are operated in pairs, 
I'ne being tlie loudspeaker and the 
iitlier the microphone, this resonance 
rise is squared, and the output is very 
favorable. The frequency stability on 
the transmitting signal source must 
be very great indeed, and in general 
is hardly practical. If we use a pre- 
cision frequency standard for the sig- 
nal to drive the transmitting trans- 
ducer, it will not follow the trans- 
ducer peak in many cases, as the 
transducer is out on the firing line, 
subjected to variations in tempera- 
ture, vibration, pressure changes and 
the like while the standard crystal is 
locked np in a temperature oven. Al- 
so, in the field standing waves with 
ratios of ten to a hundred are rather 
common, and these change due to 
local conditions. 

This severely limits the use of the 
high-Q transducer. So in practice a 
load sufficient to bring the Q down to 
as low as ten or thereabouts is often 
employed. Even at this low Q stand- 
ing waves are severe, and frequency 
modulation must be emplo.ved t o 
break them up. 

This loading does not seriousl.v af- 
fect the ofT-frequene.y operation of the 
devices, hut of course ojieration off 
frequency severely cuts down the sig- 
nal. A typical example is a pair of 
one-quarter inch cubes of PX crystal 
suitable for stable operation iti n 
water supply which might have par- 
ticles in it. At 200 kc operation, reso 
iinnce for both units, an input of 20(1 
volts of signal on one will fi'ivo per- 
haps 2 volts on the receiving er.vstal. 
while off resonance at sa.v l.'iO kc the 
combination might give an output of 
5 millivolts or so. 
Diaphragm Design 

The only transducer diaphragm easy 
to <lesipn is the magnetostriction 
fyi>e. It is inherentl.v rugged and 
needs little protection from gas or 
liquids. A 8inii)le metal disk silver- 
soldered on the end of the nickel rod, 
gives almost any desired acoustic 
impedance match. 

PN and Eochelle crystals are verv 
fragile and must be protected from 
shock and damage if used as contact 
microphones. instantly melts if 

one drop of water comes in contnct 
with it, but Tlochelle salt often can 
be given a protective coating to pre- 
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vent this. Quartz has high resistance 
and moisture must be kept out to pre- 
serve the insulation of the assembly. 
A T-mc quartz crystal, of the X-eut 
type is about 20 mils thick, and is 
quite fragile. 

So we have our choice of rubber 
(plastic) diaphragms, or solid metal. 
The rubber must be quite thin and 
offers little protection from sharp 
point.s. However, diaphragms iiiiide 
from thin rubber, nylon, or Teflon of 
a tJiickne.ss of only two mils or so are 
very <'iisy to handle, as below 200 kc 
or so they have little effect on the 
transmission of ultrasonics through 
them. To provide clean-cut effects, 
they must be placed under tension in 
some wa.v, and the mounting made 
waterproof by some means. 
Standardizad Shell For All Frequencies 

Figure 1 and the photograph show 
an earnest attempt to design a uni- 
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it was har<l chrome-plated, or gold 
plating was called for. A length of 3 
inches worked out well. 

The series of diaphragms gave us 
the most trouble to design. If we use 
quartz or PN crystals, they iive 
mechanically dead flat, and the dia- 
phragm is often used under at least 
city water pressure, which might 
reach <>0 pounds/square inch at times. 




Fig. I. Universal shell design for 
transducer suitable for wide range of 
ultrasonic frequencies. 

versal shell of wide application in 
ultrasonic eonnnercial and c.x|)eri- 
mental work. In most cases it has a 
metal diajiliragm. This was designed 
to operate through the spectrum from 
10 kc to 7 me, using practically any 
type of transducer from magnetostric- 
tion to X-cut (|uartz. 

An accurate half-inch bore dimen- 
sion was used with a thick wall so 
that .set-screws and glass-bead lead- 
througlis could be used. A threc- 
(|uartcr inch thread was formed on 
the ei'iiter section and this made the 
lube (Mitside diameter 0.690 inch, as 
this cleared the root diameter of the 
thread. This thread was made rather 
fine. tlireads/inch. as very often we 
want fine adjustment of the position 
of the diaphragm in our tests. The 
shell was usually made of monel, be- 
cause it is an attracttive material un- 
affected by many liquids. Sometimes 

Transducer probe for use in air. Details 
are shown in 



Fig. 2.(B) When used under pressure, 
diaphragnn is pushed inward, provid- 
ing contact on only a portion of the 
crystal surface. (A)Pressure behind the 
crystal bulges diaphragnn outward, 
provides contact only on corners. 

This bulges the diaphragm inwards, as 
shown in Flii. and the crystal 

would only touch in the center of its 
working face. In general, we need 
some pressure driving the crystal 
against the diaphragm, to obtain in- 
timate contact, and with no pressure 
on the outsi<le of the diaphragm a re- 
verse bulge takes i)lacc, as in l''i<j. 2A, 
and the crystal touches on the corners 
onl.v. 

\iy sohltring a one-quarter inch 
button to tile center of the diaphragm, 
we accomplish two objectives: At 
some high frequency any diaphragm 
breaks up into complicated modes of 
oscillation, which protluce lobes in the 
radiated ur received pattern. A piston 
action is nnich easier to analyze and 
use. This \iic:\\ thickening in the cen- 
ter turns the quarter-inch center into 
a jiiston very well, as exjierience has 
shown, and gives a pattern very easy 
to use. 

In iiractiee. some care must be used 
in making and mounting this center 
bnttijii. Since it will often bo used 
with a precision finished transducer 
element, it must bo dead flat and 
squarely mounted. If sligbtl.v cocked, 
the pattern put out is hard to an- 
al,vze. and results are imdisoiplined. 

{(Itmtiniifu on page 38] 

of the interior of the crystal mounting 
Fig. 3. 
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The Cutting Sylus Problem 

In Microgroove Recording 

"Stylus" 

A discussion of the effect of burnishing-facet dimensions on frequency response. 



TllK CURRENT INTEREST in new 
methods of sound recording has 
made many an engineer re-exam- 
ine more critically the faults of older 
systems, ilodern disc recordists have 
become increasingly conscious of 
diameter effects, and particularly of 
loss of high-frequency response at 
smaller diameters. This loss occurs 
in two parta: First, a loss in record- 
ing due to the cutting stylus shape; 
and secondly, a loss in reproduction 
due to the reproducing stylus failing 
to follow the finer groove convolu- 
tions faithfully (tracing loss). Repro- 
ducing loss can be reduced by using 
a smaller stylus tip, within reason. In 
the case of lacquer, it can be reduced 
by using a harder lacquer, again with- 
in reason. 

Only recently has there been much 
interest in minimizing recording loss. 
It is not generally realized that coxa- 



STTLIM HOTIM 



CUTTiHG CMC 

F«owT Stance 



O P 



l^.-iUMtiSHNC-WZT LENGTH 



Fig. I. (A) General view of lacquer 
cuffing stylus. (B) Magnified view of 
cuffing sfylus tip. (C) Magnified cross 
section of tip. 

monly used lacquer-cutting styli pol- 
ish the groove walls by a burnishing 
action after cutting. This effect is 
comparable to the use of a dulled cut- 
ting tool in making a polished cut in 
brass. 

As the polishing action is made 
more effective by increased bumish- 
ing-surface length, the high frequen- 
cy response deteriorates. A glance at 
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Fig. 2. Generalized effect of burnish- 
ing facet length. 

Fig. 1 will illustrate why. Effectively, 
there are flats on the sides of the 
stylus, which impede lateral motion. 

The shape of the stylus and the 
nature of recording lacquer are such 
that it is not feasible to derive a solu- 
tion by tlieorctioal means, and so 
laboratory methods must be used. The 

Fig. 3. (A) Fre- 
quency response 
of recording sty- 
lus at 8 inch 
diameter, 33.3 
rpm. (B) Frequen- 
cy response of re- 
cording stylus a1 
7 inch diameter, 
33.3 rpm. (C) 
Frequency re- 
sponse of record- 
ing stylus at 5 
inch diameter, 
33.3 rpm. (DJ 
Comparison of 
response at 33.3 
and 45 rpm, .4 
mil burnishing 
facet, 5 inch 
diameter. 



only quantitative study of this phe- 
nomenon, which has been published, 
is that of LeBeU in 1942. While the 
original study was made with a stand- 
ard-size groove, we believe that its con- 
clusions may be applied to the micro- 
groove without too much error. Every 
cutting stylus has a certain amount 
of personality of its own anyhow, and 
the variability so produced is super- 
imposed on the general trend. 

We have used the generalized solu- 
tion given by the above reference — a 
graph showing the relation between 
the fraction: burnish length/wave- 
length, and the attenuation in record- 
ing. We have taken the liberty of 
continuing the main trend for a db 
further than the reference has, for 
reasons that will be evident on in- 
spection of his data. This slightly 
modified graph appears as Fig. 2. 

The tests on which this curve is 
based were run at a stylus velocity 
of VA inches, and checked at i% 
inches per second. Visual inspection 
of Fig. 1(A) will suggest that the 
loss might increase at very high peak 
velocities, but the velocities indicated 
include the range of velocities nor- 
mally expected. 

The LeBel study was made in terms 
of tip burnish length, which is the 
easiest to measure accurately. The 
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^you get 



ALLiniS! 



////^^ IMPROVED 




CARDIOID DYNAMIC 
MICROPHONE 



Cannon 
Connector 



^'"""Xfirn, Tilt Control 



Silliest Purity 




It Means: Better Performance! 
Finer Quality ! Greater Value ! 

# Here you have reason after reason for the 
growing popularity of the CARDYNE. More 
jeati/res have been added . . . response im- 
proved . . . output level increased ... to pro- 
vide a higher standard of excellence! It all 
adds up to greater satisfaction on the job! 



Exclusive 
Acouslalloy Diaphragm 



The E-V Mechanophase* principle provides 
a high degree of unidirectivity at all fre- 
quencies . . . cuts reverberation and random 
noise pick-up . . . stops feedback . . . nearly 
doubles conventional pick-up range . . ■ 
provides clear, natural close-up response. 
The Acoustalloy diaphragm withstands 
severest service. Ji/st try the CARDYNE now! 

E-V Model 731. Broadcast Cardyne II. 
List Price $80.00 

E-V Model 726. Cardyne I. With MC-3 
connector and without external shock 
mount. List Price $59.50 

SEND FOR CARDYNE BULLETIN NO. 139 
ELECTRO-VOICE, INC., BUCHANAN, MICH. 

Ciport: 13 E. 40lh St. . N<w York 16, U.S.A., Cabl»>: Arlob 



NO FINER CHOICE THAN 
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leii^h at the sides may bo slightly 
less, with the decrease somewhat un- 
der the control of tlie lapidary. 

The following formula is too obvious 
to require derivation : 

Burnish length / I 

Groove wavelength r Dn 

where / = frequency in cps 

/ — burnish length, inches 
D — recording diameter, inches 
n = speed in rps 
A glance will show that the frac- 
tion increases with frequency and 
burnish length, and decreases with 
an increase of si)ce<l or diameter. 
From this formula the graphs of Fig. 
3 were coniijutcd. 

A condition typicnl of standard 
high-quality l(i-incli transcription re- 
cording is shown in t'ig. 3(A). Hy 
the use of 136 or 144 pitch, the inner 
diniiieter is limited to 8 inches. 

At (B) we have a condition oc- 
curring in many broadcast stations 
which have continued to record tran- 
scriptions with the pitch of ten years 
ago. This results in an inner diameter 
of 7 inches. The injurious effect of a 
given burnish is measurably greater, 
as can be seen by looking at the 10 kc 
response. Incidentally, this is fairly 
close to the outer recording diameter 
of a 7-inch microgroove disc. 

Conclusions 

Finally, we go in to the innermost 
diameter of a microgroove record — 
about 5 inches — at (C). A very small 



burnish ia necessary, else the high 
frequency loss rises rapidly. 

Just for comparison, at (D) we 
have plotted the response of a .4 mil 
burnish at 5 inches diameter at 33.3 
and 45 rpm. The higher speed eases 
respon.se problems, by 3 db at 10 kc 
in this case. This saving taken alone 
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Fig. 4. Groove wavelength and 
recording diameter. 



would not be significant, but similar 
savings accrue at other stages in the 
recording process, making a signifi- 
cant total. 

With current interest in higher 
fidelity, it is evident that burnish 
length will have to be limited. The 
high quality transcription recordist 
and the microgroove s])eeialist will 
both have to use care. 

Transcription work will have to 
use a burnish of not over a half mil. 
approximately. It is not difficult to 
make such a stylus satisfactorily 
quiet. A great many 10- and 12-inch 
microgroove discs are recorded in to 
only a 7-inch diameter, and a similar 
stylus will often suffice. On the other 
hand, the recordist working with 7- 
inch microgroove discs will be faced 



with a real problem. Compelled to use 
a burnish of about a quarter mil, he 
may have difficulty in getting a quiet 
groove unless he uses a higher cost 
stylus. It is a good deal harder to get 
a quiet groove when using a small 
burnish, and the lapidary may have 
to be nmch more careful than he is 
with a half-mil burnish. 

In spite of all these precautions, 
not every stylus will have equally 
good frequency response, and it may 
be desirable for the recordist working 
at less than G-inch diameter to check 
each stylus individually, using the 
IRiorer points for less critical work. 

It should also be recognized that 
small-burnish styli of the best quality 
are not all equally quiet. Some are 
satisfactory all the way in to 5 inches, 
while others start to become noisy at 
the 6-ineh diameter. It is highly de- 
sirable to segregate the latter for use 
at the larger diameters only. Again 
we may say that each stylus has a 
personality of its own. 

One may object that this is a lot 
of work. True, unfortunately, for the 
secret of good recording qualit.v has 
always been meticulous care, and we 
see no chance of the future remed.ving 
the situation. 

Relerenco 

1. r. J. LeBel. Properties of the Dulled 
Lacquer Outline Slvlus, /. Acous. 
Soc. Am.. Vol. 13. No. 3, pp 265—273, 
January 1942. 



Report on 1948 Convention of Speech Assn. of America 



THE problems and limitations 
of bone conduction audiometry 
were discussed at the 1948 con- 
vention of the American Speech and 
Hearing Association by the well- 
known authority on hearing meas- 
urement, Dr. Scott Rcger of the 
State University of Iowa. His paper, 
"Factors Influencing the Accuracy 
and Interpretation of Bone Conduc- 
tion Hearing Tests." was presented 
in Washington, D. C, on Dec. 28th. 

He first touched on the inherent 
inaccuracy of measurement of bone 
conduction and air conduction hear- 
ing thresholds by the use of timing 
forks as described by Weher, Kinne, 
and Schwabach. These methods would 
be valid only if controlled by elabor- 
ate instrumentation. While the mod- 
ern audiometer is superior to the tun- 
ing fork, he criticized the naive as- 
sumption that the audiometer is a 
precision instrument. Measurements 
made with a perfect audiometer un- 
der ideal test conditions are only as 
accurate as the audiologist's testing 
skill and knowledge about the limi- 
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tations of his instrument and testing 
technique. 

It is necessary to hold the audio- 
meter's bone conduction vibrator 
against the skull with constant pres- 
sure, because the pressure governs 
the mechanical coupling between vi- 
brator and head. Also, with some 
types of magnetic vibrators, the dis- 
tance between armature and pole 
jiieccs (and hence the output) is af- 
fected by pressure. He used a pres- 
sure of 1000 grams, controlled by a 
special headband structure. 

To measure the resulting vibra- 
tions of the skull, he used a crystal- 
type contact microphone held against 
the frontal eminence of the forehead 
by a heavy rubber band. This made 
I)ossible a study of the vibration 
waveform, and of the vibrator linear- 
ity. 

In testing a vibrator it is necessary 
to determine the difference between 
the bone conduction threshold of a 
given unit, and the air conduction 
threshold produced by the same vi- 



brator due to leakage. The differen- 
tial should be at least 15 db. 

He then discussed the application 
of bone and air conduction measure- 
ments to the localization of ear path- 
ology. This was then used to explain 
why some untrained individuals have 
acceptable speech even though liard- 
of-hearing from childhood, while oth- 
ers do not. Children with middle-ear 
impairment may hear their own 
voices very well by bone conduction, 
even though their air conduction 
hearing of other people is inadequate. 
They will tend to have normal speech 
development, while those with an in- 
ner ear lesion, and hence impaired 
bone conduction, from childhood may 
be in serious need of speech train- 
ing. Except in extreme cases, this 
will be of help. 

Recording Equipment 

A symposium of intere.-t to record- 
ing equipment designers wa.-s licld on 
the morning of December 30, present- 
ing the following subjects and speak- 
ers. 

I Cnntinuetl on page S6] 



AUDIO ENGINEERING • APRIL. 1949 



www.americanradiohistorv.com 



illl ^ PRECISION HIGH QUALITY 

NOW- TAPE RECORDER! 

p^fffeO FOR EASY FOOLPROOF OPERATION 

.,.1, w New- MACK- SWITCH 

ONE CONTROL! • NO BUTTONS TO PUSH 

INSTANTANEOUS READING OF INPUT AND OUTPUT LEVELS 

OVERALL DISTORTION LESS THAN U 

LOWER FLUTTER • LOWER NOISE LEVEL 



MODEL E-3-T. R. 



See this and many other products 
manufactured by Arcturus at the N. A.B. 
Convention, Hotel Stevens, Chicago. 




See Our PRODUGSot the m. a. b. convention 

^l$0 THE riltSV TAPE PHONOGRAPH! 

aI/A' Editing Facilities, Timing Meters and Variable Equalizers for Matching Any Tape Response Curve. 

contact us at N. A. B. CONVENTION, CHICAGO 



Agents and Distributors — Wire — Phone — Write — or contact us at the N. A. B. Convention 

CLIFF McDonald 
ARCTURUS ENGINEERING CORPORATION 

1755 Glendal^Boulevard • Phone NO 3-1239 • Los Angeles 26, California 
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NEW PRODUCTS 



NEW JACK 

A new, improved ADC jack for jack 
panels and numerous similar uses is be- 
ing produced and distributed by Audio 
Development Co., 2833 Thirteenth Ave. 
Sc., Minneapolis 7, Minn. 

The frame of the new ADC jack is 
made of nickel plated, heavy gauge steel. 




and is die-formed and press-welded for 
utmost rigidity and dimensional accuracy. 
The brass sleeve is nickel plated. To meet 
the high corrosion resistance requirements 
called for, silver alloy contacts and nickel 
silver springs were specified in the new 
design. 

Dimensions of the new jack are stand- 
ard, and like earlier types of ADC jacks 
it is interchangeable with any standard 
telephone type jack using a J4" plug. 

ALL-TRIODE AMPLIFIER 

A high-fidelity, medium powftr, all- 
triode amplifier is announced by the 
Browning Laboratories, Inc., of Winches- 
ter, Mass. as a companion unit to their 
recently released RJ-20 high-fidelity FM- 
AM Tuner. Designated as Model AA-20, 
the new amplifier features all triode vol- 
tage gain and power stages for response 
within 1 db. from 10 to 17,000 cycles 
with less than VA% harmonic distortion 
at 14 of the rated 15 watts output. Hum 
level is 65 db below maximum rated out- 
put. Extremely high quality pushpuU in- 
put and output transformers are used and 
Toice coils from 1.2 to 30 ohms can be 
matched by tap selection. The output 
stage is pushpull 6B4G's driven by two 
triode sections of a 6SN7 in cascade with 



separate bias rectifier. Convenience re- 
ceptacle provides voltages for operating 
noise suppressors or preamplifiers for re- 
luctance pickups. Use of the AA-^O is 
recommended with the Model RJ-20 Tuner 
for high fidelity installations. 

NEW RESISTOR 

• A positive advance in the field of 
electrical resistance has been established 
by the Engineering and Research Depart- 
ments of International Resistance Co. Af- 
ter years of wartime and postwar explora- 
tion and development, a new insulated 
fixed composition resistor has been pro- 
duced that challenges performance stand- 
ards for that type resistance unit. 

This new resistor, designated by IRC 
as the Advanced Type BT, is being pro- 
duced in 1/3, 1/2, 1 and 2 watt ratings 
—equivalent to JAN Types RClO, RC20, 
Rf'30 and RC41. It meets joint Army-Navy 
requirements under JAN-R-11 specifica- 
tions. 



IT^f »r« V, wan 



JAN R.n ttn tCIO 



t k» M wan 1AM TTK *ClO. *CIO 



MH-K.II TW ■C4I 



Production experience by IRC on this 
advanced resistor currently totals over 70 
million units. 



This family of liny resistors (type BTR 
resistor body measures 3/32" x 13/32") is 
furnished in ± 5%, lO^c 20% tolerances 
in UMA resistance ranges. Temperature 
coefficient varies from 0.02% per "C. for 
low ranges to 0.14% per *C. for high 
ranges. Depending on the size of the re- 
sistor, voltage coefficient varies between 
0.0% and 0.27% per volt. Noise level is 
inherently uniform and low. The element, 
constructed to IRC's filament principle, is 
housed in phenolic resin; High pressure 
molding of the housing provides maximum 
security against humidity damage and 
moisture penetration, and enables this 
new resistor to withstand the most severe 
salt water immersion tests. 

For short periods, overloads of 50% to 
100% may be applied without damage to 
the Advanced BT, and 5 second overloads 
of 2.5 times rated load result in only neg- 
ligible resistance changes. Frequency char- 
acteristics and other performance data are 
given in Technical Bulletin B-1. Copies 
-nay be obtained from International Re- 
sistance Co., 401 N. Broad St., Phila. 8, Pa. 

EQUALIZER-AMPLIFIER 

A new E(iuali/er-Amplifier, the Model 
EA-3, for use in conjunction with Astatic 
Corporation's highly touted Magneto-In- 
duction Pickup Cartridge, brings to a 
total of three such accessory units pro- 
duced by this pioneer Conneaut, Ohio, 
sound equipment manufacturer. 

Astatic invaded less than a year ago 
the magnetic type cartridge field, with an- 
nouncement of its revolutionary Magneto- 
Induction Pickup, after years of adhering 
solely to the development and production 
of crystal devices. Radical reversal of en- 
gineering precedent and drastic simpli- 
fication, embodied in the Magneto-Induc- 
tion unit, eliminate need for delicate 
handling and common sources of trouble 
with magnetic type cartridges, the firm 



PROFESSIONAL DIRECTORY 



C.J.LeBel 

AumO CONMHTAMT 



170 llVIISIOi OllVi 
NIW TOIK IS. N. T. 



tl(CriiOf^|D:CAl - lu*w|.N(4Tu*l iUDiO 



ConsuHation * Design • Fabrication 

Audio Research Associates 

608 Fifth Avenue 
New York 20, N. Y. 



Custom-Built Equipment 

U. S. Recording Co. 

1121 Vermont Ave., Washington 5, D. C, 

STerling 3626 



RATES FOR 

PROFESSIONAL CARDS 

IN THIS DIRECTORY 



$10 Per Month ior This Standard 
Space. Orders Are Accepted 
ior 12 Insertions Only 



Winston Wells 

Designer and Consultant 

Acoustical, Electronic and Nuclear 
Kesearch 

307 East 44ih St. MU 4-3487 

New York 17, N. Y. 



S. Young White 

Ultrasonics and Transistors 
Box 1386 
Audio Engineering 
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claims. The result is peak Bdetity of re- 
production that is not diminished hy con- 
sistent service or adverse climatic con- 
ditions. 

With the advent of the new )on<;-play- 
ing records, the Mapneto-lnduction Car- 
tridge was one of the 6r^t adapted by 
Astatic lo the new retiuirements. It is 




thus available in models for both standard 
78 KPM and long-playing microgroove 
platters. 

The ^^agneto-Induction Pickup has en- 
joyed steadily mounting acceptance sincp 
its introduction. Tt is feh that availability 
of a third type of Equalizer- \niplifier, 
which lends itself most advantageously to 
many applications, will stimulate still fur- 
ther the rate with which the cartridge it- 
self is being ado[ited by the trade. 

WIDE-RANGE CAPACITANCE TEST 
BRIDGE 

The General Kadio Type 161 1-A Capac- 
itance Test Briflge measures capacitance 
over the extremely wide range of 1 fifii 
to 10,000 ^f* a lo'ial spread of 10 billion 
to one. Over this entire range an accuracy 
of ±(1% + 1 fifii) is maintained. The 
dissipalion*facior range is 0 to 60%. The 
frequency of the test voltage is 60 cycles. 

The bridge is useful for measuring all 
types of capacitors, and the dielectric 
constant and dissipation factor of both 
solid and liquid insulating materiaK It 
is also suitable for ihe shop testing of 
bushings and insulators in the electric 
power industry. Facilities are provided 
for introducing a polarizing voltage for 
the measurement of electrolytic capacitors. 

A feature of the bridge is a unique 
zero-compensating circuit that balances 
out the initial capacitance and dissipa- 
tion factor at zero setting of the dials. 

The bridge is completely self-contained, 
including visual null detector, and oper- 
ates from the 60-cycle power line. The 
case is of the airplane-luggage type, with 
handle for carrying. Over-all dimensions 
are 14^2 x 16 x 10 inches, and net ueighi 
is 30J4 pounds. 

BROADCAST EQUIPMENT BROCHURE 

Three new brochures describing RCA'a 
hnest AM broadcast transmitter and new 
AM-FM and television studio audio equip- 
ment are now available to those request- 
ing them on broadcast station letterhead 
addressed to RCA field offices or to the 
Broadcast Equipment Section of RCA 
\ ictor, Canulen, N. J., it has been announc- 
ed by the RCA Engineering Products 
Department 

AM BROADCAST TRANSMITTER 
(Form 2J-4367) fully describes the BTA- 
50F1, latest model in RCA's series of 
50,000-watt AM broadcast transmitters. 
The new power-saving triodes and other 
design features wliich can cut broadcast- 
ing costs up to $12,000 a year are pre- 
sented in detail in the 24-page booklet. 

BROADCAST TWO-STUDIO CONSO- 
LETTE (Form 2J-4604) provides detailed 
information on the broadcast two-studio 



Diamonds cost less . 



PICK-UP cartridges equipped with 
diamond styli may cost more than 
sapphire or metal stylus cartridges, ini- 
tially, but the useful life of a diamond 
stylus cartridge is so much greater than 
the difference in cost that, from the view- 
point of length of service, listening pleas- 
ure and record life, diamond styli car- 
tridges are cheapest by any comparison. 





For those who want and demand the 
highest quality record reproduction and 
who don't want their records chewed up 
by being played with worn styli, the 
values of a Pickering Diamond Car- 
tridge will prove most significant. 

Pickering Diamond Cartridges are 
unique— their supremacy is unchal- 
lenged. They meet the exacting 
requirements of the most critical 
listener who wants to hear the 
realism and brilliance original- 
ly recorded and which makes 
record playing such a pleas- 
ure. The design and manu- 
facture of Pickering Dia- 
mond Cartridges include 
all known factors which 
minimize record wear 
and eliminate unpleas- 
ant, annoying sounds 
while recreating the 
quality, brilliance 
and realism of the 
original recording. 



The diamonds used 
for the stylus of Pick- 
ering cartridges are 
whole diamonds and 
not splints. They are 
more resistant to damage 
than any other stylus gem 
material (sapphire, ruby or 
diamond splints). They are 
well cut, gem-polished to 
high accuracy and precisely 
mounted to ride smoothly in 
the groove walls, reproducing 
all the fine modulations which 
can be pressed into modern re- 
cordings. 

Pickering Diamond Cartridges are 
good for thousands of playings . , . 
compored with hundreds for sapphire 
and less for metal styli. An authority 
writing on wear resistance of stylus ma- 
terials, states— ". . . the ratio of wear 
resistance between diamonds and sap- 
phires is 90 to 1 in favor of diamonds." 

Pickering Diamond Pick-up Cartridges 
ore true gems for record playing . . .. 
and cost less. 

Model D-120 transcriptions and 
lacquer discs 

Model R-150 for phonograph recordf 
Model D-140 for microgroove records 
Order your Pickering Pick-up Cartridges 
from your favorite /obber. 



PICKERING 



t COMPANY, INCOSPOHATtD 

OCEANSIDE, NEW YORK 
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The New Som rset 
NOISE SUPPRESSOr PREAMPLIFIER 

Successfully exhibited and demonstrated at the 
1949 I. R. E. Show in New York City 




Accomplishes a high degree of noise reduction — maint.iins 
natural brilliance and realism — essential overtones are repro- 
duced at all vclur-.c levels. 

Introduces no unnafurril tonal qualities in the reproduction. 
Can be used %vlth most existing record players and FM or AM 
tuners. 

Installation ar-.C cprrollcn require no technical skill. 



List Price $79.50 



SPECIFICATIONS: 



Power supply — 115 volfs, 50-60 cycles, a. c. 
Frequency range — 40 to 15.000 c.p.s. 

Gain — '"P"' produces .8 volts output to volume control of 

.25 to I megohm. 

Input sources — magnetic or crystal pickups, and FM or AM detector 

output. 

Tube complement — 2.6SL7ST, I-6SK7ST, I-6SJ7ST, I-5Y3ST. 
Size of chassis — 7" > 9" x 2". 

Also supplier! :n ccn'-in.-'tion with a high quality power amplifier 
for custom end t:c.T!ne-r'ci| installations. 

Professional Model with additional features for broadcast, recording 
and other exacting requirements available. Price on request. 

•Patents Tending 



SOMERSET LABORATORIES. INC 
1701 Palisade Avenue, 
Union City, New Jersey 



lOMsolitle (Type 76C(. Ihis 20 page bro- 
chure furnishes complete operating data 
and sperilicatiuns, as well as simplified 
line drawings. 

CONSOLETTE SWITCtlINC SYS- 
TEMS (F ortn 2J-4622) presents 16 pages 
of complete information on the latest 
consolette-type switching systems, Models 
BCS-IA, -2A, and -SA, for AM-FM and 
TV networks. Elaborate or simple switch- 
ing problems for controlling up to 15 
studios are outlined in detail in this 
brochure. 

SOS CINEMA CATALOG 

A new 64 page catalog covering every 
phase of motion picture theatre operation 
has btrn issued by the i^. O. S. Cinema 
Supply Corp, Over 100 illustrations dis- 
tributed throughout the book alongside 
the text make it simple to order the wanted 
part. 

Sections are devoted to equipment for 
auditorium, booth, drive-in theatres, elec- 
trical installations, lobby, boxoffice, pho- 
tography, portable and home movies, pro- 
jrption lighting. 16 and 35 mm projection, 
public address systems, theatre sound, 
stage, studio, recording and laboratory. 

This 1949 edition is claimed to be the 
most complete listing ever issued in the 
trade and bears out the S. O. S. tradition 
as the "Department Store for the Motion 
Picture Industry." 



NEW AUDIO CONSULTING FIRM 

Audio Research Assoriatrs. 608 Fifth 
Avenue. New York, has recently been or- 
ganized with J. II. Beaumont as general 
manager and L. S. Goodfriend as chief 
engineer. The services furnished by the new 
ilrni include anything from changing a 
tub;' in an amplifier to the complete design 
of a theatrically equipped auditorium, in. 
eluding the lighting, sound control, acous- 
tical treatment, and general overall prob- 
leii's. 

The staff includes a number of leading 
specialists in the fields of audio facilities, 
the' theatre, architectural acoustics, record- 
ing and reproducing systems, hearing aids, 
residence radio j-ystems. psycho- icoustics. 
pate'Uts. technical manuals, and psycho- 
logical problems. Their work includes con- 
sulting. dc«ign. preparation of specifica- 
tions, fabrication, installation, and oper- 
ation. 



ERRATA 

(Jeorge \^'. ('urran, whose excellent arti- 
cle on the "Use of the Transmission Measur- 
ing Set" appeared in the February issue, 
has mentioned a few errors in typography, 
all on page 28. The first word on the page 
should be "Choose" instead of "constant." 
Paragraph / in the second colunm should 
read "The gain of the \-ampIifier at the 
reference frequency will then be equal to 
the amount it was necessary to change the 
(,S loss in ( (' 1." The second paragraph in 
the third column should read, "The aux- 
iliary amplifier will not be needed if the AF 
oscillator ran deliver a level at the output 
of the branch pad e(]ual to the rated out- 
put of the X-amplifier." 
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RECORD REVUE 

\)rom page 

music is riinii'rned. And I repeal, your mu- 
sician is (in absolulfly siiliil ground when 
he objfuls. After all, are you designing an 
eleclronic inslrunieni or a musical one? I 
Some loo-pure wave form is generated that, 
though perhaps highly impure technically, 
measureil f(,r distortion, is nevertheless ton 
simnle, tun fixed in its pattern for the 
musical ear to lake as the basis for mu- 
sical performance. 

The type of electrie organ in which 
sliders are pulled out to adil each of the 
overtones of a "pure" fundamental is to 
some extent a victim of this too-simple 
pattern. The fundamentals generated by 
this machine are incredibly dead to any 
musical ear, even if something less than 
pure by distortion measurement. Even 
with a maximum of lone coloration added, 
via the sliders, the compound tone gener- 
ateil is still, to most musicians, relatively 
dead and unmusical. That is a widespread 
opinion. Hence, for the purposes of my 
February argument on tone color vs. har- 
mony and counterpoint, we may consider 
the basic tone of this type of instrument 
as pure far too pure. 

♦ ♦ • • 

All of which leads to brief mention of 
an electronic keyboard instrument now un- 
der development by a well-known sound 
engineer who shall be nameless, which 1 
played at length last week. Good. Hemark- 
ably alive, though it is .lesigned for the 
simplest uses at a low (home instrument) 
price. The answer to this good musical 
quality would seem to be lai specifically, 
lone color directly generated along with 
the fundamental, as harmonic "distortion" 
(or so 1 understand it ) ; ( A I more gen- 
erally, a rather nice appreciation of the 
importance of all these semi-psychological 
laws for musical-sounding tone, plus a 
common-sense, ingenious application of 
them witliin the limited means available. 

Vital items were, for instance, to my 
ear, the excellently contrived initial iciiis. 
the "siieaking" of the sound; similarly, the 
well-calculated decay rate when the key 
is lifted. Xi-ithcr is conscioiislr noticeable, 
nor should he; the net effect, though, is a 
sense of ri^htncss, of ajipriipriately musical 
sound. A fairly simple matter of Clectron- 
ic principle — except for the decision as to 
values: and that is where it takes what 
this designing outfit seems to have, a sense 
for music and the ability to interpret that 
sense diri-rtly into mftls. Another item ] 
found pleasing musically was the longer 
time repiired for the keys to "speak" in 
the low registers, as compared to the up- 
per, an excellent and thoroughly musical 
idea. The lowest tones were so realistically 
delayed and came in with such a fine 
"blat" that one would swear a heavy reed 
was speaking. That's the kinil of thing a 
musician can understand. 

Musical Tone — Dead or Alive 

Between the misprint and the correction 
in a monthly magazine there's a long 
wait- -here's a bit of verbal untangling 
that goes back to the February issue. What 
came out tjkes the prize for insanity 
among our supposedly sane contributors. 
Naturally all our readers keep back issues 
of Ai Dio K.NciNEEniNc. Kindly turn to 
I>. 30 of the February issue and look at 
paragraph two. Note that the second line 
{"thai changes inde cribably. . .") also 
appears farther on, 21 lines up from the 



ONE EQUALIZER 

FOR ALL PICKUPS 



VERTICAL, LATERAL, MICROGROOVEI The Fairchild 6-position 
Preamp-Equalizer, Unit 622, can be used with any and all modern pick- 
ups. It mounts on your transcription table 
in place of your present equalizer. The 
Fairchild 622 makes it possible for you to 
use various pickup cartridges . . . and be 
sure you are getting the best possible per- 
formance from each. Both lateral and 
vertical transcription arms can be con- 
nected, and selected without switching — 
by simply using the proper setting of the 
6-position control knob. 

EXTRA ADVANTAGES - . , Will not 
Become obsolete. Frees one preamplifier. 
Provides for cuing and monitoring. Eli- 
minates low level hum problems. Is eco- 
nomical. Write for complete details. 

SYNCHRONOUS 
fAinCHILV TRANSCRIPTION TABLE 




• HIGHEST SIGNAL-TO-NOISE 

• LOWEST RUMBLE AND FLUTTER 

• INSTANT SPEED CHANGE 
WHILE IN OPERATION 




UNIT 524 
Tronscription Tobfe 
$485 less Pickup Equipment 



Together with the 
542 Transcription Arm and 
the 622 Preamp- Equalizer, 
you get these benefits: 

• Perfectly balanced chonnel 
from pickup to high level in- 
put. 

• Signal from turntable ot line 
level. 

• Iqualizatlon for any pickup. 

• Use of two or more pickups 
with single equalizer. 

• No low level hum problems. 

• Synchronous direct drive oper- 
ation. 

• lose of cuing. 

• Provision for monitoring. 

• New rugged trouble-free pick- 
up reproducer. 

• High compliance^true line- 
arity. 

• Iconomy^the elimination of 
one preamplifier and extra 
equalizers . . . the prevention 
of equalizer obsolescence. 

Full defafff are available 
on requeff. 




154TH STREET AND 7TH AVENUE, WHITESTONE, NEW YORK 
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bottom, where it belongs. The proper line 
was omitted, this one installed in its place, 
making for a fine Department of Utter 
Confusion! 2 Correct reading: 

"This peculiar relationship between 
tone-color and harmony-melody is one of 
the jascinations of sound as we hear 

it " etc. It was a humorous accident 

that this very sentence concluded with the 
remark that it was this kind of thin'z that 
left engineers gasping like fish nut of 
water. Some of you must have gasped sev- 
eral times. 

RECORD REVUE 

Beethoven, Trio rn D, opus 70 ("Ghost" 
Trio). 

2 < Ed. note : Ths is what sometimes happens 
when a compositor reassembles type after mak> 
Inff a correction. The editors don't ffet a chance 
to check it atrain.) 



Busoli-Serkin Trio. 

Columbia MM 804 (3) 
Beethoven, Violin Sonata ^5 ("Spring" 
Sonata) opus 24. 

Jasclia Heifelz, Emanuel Bay. 

RCA Victor DM 1283 (2) 

An interesting technical example of the 
difference between good recording and 
pood microplioning- -this has the former 
but is lacking in the latter. The usual ex- 
cellent tonal range applies here, with what 
at first might seem to l)e an unusually 
strong pri'-emphasis of the high end, that 
is more likely (as one begins to discover 
in this field I a purely acoustical differ- 
ence that brings the highs more strongly 
than usual to tlie mike. (But note well 
I hat wliether it is actually pre-emphasis or 
merely a matter of acoustics, the net re- 
sult is the same in the listening; with this 
record you will find it desirable to roll 



HARVEY. 

PROUDLY PRESENTS THIS 
FINE RECORDING COMBINATION 




MAGNECORD PT6-A 

Bosic tope recorder, excellent quolity for music, in use now in hundreds of broodcost 
stotions ond recording studios. Low distortion and wide bond reproduction, two 
speeds, Jy^" ond IS", high speed rewind. Frequency response ± 2 db 40 cy to 15 
kc. Synchronous motor drive. Combines with omplifler PT6-P, combinotion record- 
ploybock-remote with 3 mike inputs. Built-in monitor speoker plus heodphone jock. 
Pre- ond post*emphosis cuts in occording to use. Line output 600 ohms, 1 mo. into 
Mognecorder heod. Mony other feotures, too mony to list. Write for literoture, or 
better still, come in for o demonstrotion. With 15" plug-in recording equolizer. 



Magn*cord PT6-A R*cord*r ...$278.00 

^Vt" pluo-ln recording 

•quallz*r 20.00 

BROOK HI-QUALITY 
AMPLIFIER 



Moan*cord PT6*P portobi* Ampll* 
fi*r, with COM, Intvrconiwcting 



cordt and plugt.,. 



$462.00 




Mod«l 13A3, 10-wott ampllfi*r, r*mota control 
coblnol with pr*-omplIfi«r, chonnol Mlvctor, 
Ion* ond volum* controlt. Frtquvncy virtuolly 
flat from 30 to 30,000 cyclot, 3 Inputs, two 
•quollzod for GE, PIckorIng, and ilmllor 
pkkupi 91«t.50 



Telephone 




Luxemburg M500 



103 WMt 43rd St., Naw York 18, N. Y. 



ALTEC 604B 
DUPLEX SPEAKER 

Now 604B Ouplox Spoakor and N-1000B Not- 
work Incorporolo mony Improvomontt including 
lowor croiiovor frtquoncy. Improved low fro* 
quoncy cono and rodoilgnod high froquoncy 
chombor. 604-& hoi oxtondod frequoncy rango 
ond provldoi imoothoil froquoncy charoctorlitic 
of ony tpoakor. 60' horlzontol, 40' vorttcal 
covorago, croiiovor 1000 cycloS, Impodancot 
16 ohmi, powor rating 30 wolli, 15" diamotor, 
1 I Vt" doop. Not 
prico loii not- 
work .. 9157.50 
N-IOOOB nolwork, 
not .. .. IS. 00 



All in sfock 
for imnfdiat* 
delivery. 

All prices Net, F.O.B. New rork ond 
sub/ect to chonge without notice. 



ofT the liifshs and you can usrribe your 
own best guess as to the reason, if you 
don't subscribe to mine! f On the other 
hand the microphone-acoustic factor is not 
up to par here, in common with a number 
of Columbia chamber recordings, probably 
all made at about the same period and be- 
ing issued irregularly. The general effect 
is too dead, even for a group of only three 
instruments. But more unpleasant is the 
seeming closeness of the two stringed in- 
struments, violin and cello, which have an 
overly sharp and dry sound; the piano, on 
the other hand, is relatively off-mike, with 
a good sound on its own but one that 
doesn't mix well with the close sharpness 
of the strings. In some situations this per- 
speclive effect might be very useful; un- 
fortunately the piano is notoriously hard 
to blend with strings at best and this only 
makes the musical split here a bit wider. . . 
However, this is still a good enough job 
for any listening — I'm splitting hairs for 
the technical-minded. Musically, Rudolph 
Serkin does some extraordinarily power- 
ful piano playing, as always, and carries 
this performance along towards being one 
of the best Beethoven items for a good 
while. 

The "Spring" Sonata, a similar musical 
combination, is somewhat the reverse. 
Though it has good tonal range, I suspect 
that the above Columbias have a bit more. 
On the other hand, KflA's acoustics and 
mike pickup are brilliant, both technical- 
ly and with a brilliant sound. There is a 
trace too much violin here and there 
(Heifetz being the big name) but mostly 
the volume balance is excellent. The per- 
spective balance is even better and con- 
siderably su[)erior to that of the Columbia 
recording— here t h e violin and piano 
blend, in the general acoustical brilliance, 
as well as they ever can in real life. This 
album is a continuation of an earlier Hei- 
fetz-Bay sonata album, DM 1254. 

Mozart, Piano Sonata in F, K. 332. 
Vladimir Horowitz 

RCA Victor DM 1284 (2) 
Kabalevsky, Piano Sonata ^3. 
Vladimir Horowitz 

RCA Victor DM 1283 (2) 
Debussy. Serenade for the Doll; Poulenc, 
Presto; Prokofieff, Toccata, op. 10. 
Vladimir Horowitz 

RCA Victor 12-0428 (I) 

Highly diverse samples — they couldn't 
be more different — of Horowitz' astonish- 
ing facility at the piano. These are, to- 
gether with numerous other Horowitz re- 
cordings, the finest piano offerings Victor 
has made to date, and you couldn't do 
better than to sample this wide range of 
music, all canned under similar conditions, 
to see what Victor has to offer in the way 
of piano recording technique. Always a 
big, concert hall sound, very -live, with 
plenty of brilliance in the piano tone. But 
these are the records we will most look 
forward to hearing on the new 45 plastic, 
since hiss and scratch interfere prominent- 
ly in all of the softer passages. (Victor 
allows them to fall to very low levels.) 

The 3hIozart sonata is a model of good 
playing, making what is usually played as 
a finger exercise into the real music that 
it ought to be. Kabalevsky's sonata is a 
harsh and, I find, rather crude bit of semi- 
modernism; Horowitz plays it just as 
harshly as he plays the Mozart with delica- 
cy. The Prokofieff Toccata is harsh but 
less so and with more good sense to it, a 
very strong rhytlun, fiery, breathtaking per- 
formance. The Debussy is lightly humor- 
ous, misty, scratchy (i.e., the shellac is 
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scratchy*; Poulenc's Presto is fasl. light- 
weight, over almost before it gets under- 
way. 

SnMen, The Rape of Lucretia. (Slightly 
abridged ) 

Feter Pears. Joan Cross, N. Lumsen, 

etc., Chamber Orch. 

RCA Victor DM 1288 (8) 

This is the newest opera sensation from 
this leading British composer, in a per- 
formance supervised by Britten himself, an 
English cast that is ideally suited to this 
music, so utterly different from "modem" 
American music. This is a Roman tragedy 
set in a classic style, severe, simple, with 
small orchestra, no big noises, beautifully 
restrained singing; the whole thing builds 
by understatement and atmosphere that 
gets over even on non-long*playing rec- 
ords and is, 1 find, very moving and mighti- 
ly impressive. Most of the words are in- 
telligible as sung; the notes in the album 
give the story. The music is not at all dis- 
sonant; rather it is modal, the nearest 
equivalent being perhaps V'aughan-Wil* 
Hams. 

A moot point technically: was this or- 
iginally one of the famous E.M.I, wide 
range recordings? If so, then once more, 
as has been noticeable before, the Victor 
pressings do not show it. The recording is 
very fine, but the highs are certainly far 
from exceptional and I'd say they are def- 
initely weak. Again, it may be a matter 
of acoustics, but I douht it. in view of 
similar effecls on oilier Victor-pressed 
E.M.I, imports. Has anyone directly com- 
pared a British pressing with a Victor 
pressing of a recent, postwar recording? 
Does Victor perhaps treat the masters to 
a bit of polishing? If not, then what? 
Mozart, Symphony #39 in E flat, K. 543. 

Cleveland Orchestra, George SzelL 
Haydn, Symphony #88 in G. 

Philadelphia Orchestra, Ormandy 

Columbia LP: 4109 (l) 

Two first rate symphonies in this style, 
here recorded with excellent acoustics, 
performance and engineering; both are on 
the single LP record and (for my taste at 
least ) a good combination. The two are 
also available in separate standard albums, 
3 records to each. There is considerable 
difference in liveness between the two re- 
cordings; the Philadelphia job is big, 
brilliant, the Cleveland one somewhat less 
live, with a closer feeling. Impossible to 
know whether this is purely an engineer- 
ing difference or whether it is actually a 
matter of musical interpretation. My guess 
might be that Szell, in the Mozart, pur- 
posely used a somewhat smaller orchestra 
as is proper, and perhaps even preferred 
the less live, more intimate pickup, which 
also is proper for the music. 
Chopin, Andante Spianato and Grande 
Polonaise Brlllante, Op. 22 

Claudio Arrau, piano; Little Orch. 

Society, Scherman. 

Columbia MX 307 (2] 

This early work of Cliopin's is some- 
what of a freak — the first part, the An- 
dante SpianatOf is for piano alone, but 
the second part suddenly sprouts an or- 
chestral accompaniment. Since the two parts 
are more or less continuous, this poses 
a nice recording problem, and the results 
here are unexpectedly happy. Most of 
Columbia's piano solo recording has been 
of the close*up, rather dead variety. Here 
we have a whole piece where the piano is 
necessarily set up in the midst of an or- 
chestra in a largish hall or studio. 1 like 
it, and recommend that Columbia try more 
ef the same. A nice, liquid, unpercussive 
tone, perfectly suited to Chopin and ac- 




Here 



are the superlative new Series of 
Shure "Vertical Drive"' Crystal Car- 
tridges. They reproduce all the re- 
corded music on the new wide-range 
high-fidelity pressings. Unusually 
highly compliant, these "Vertical 
Drive" Cartridges will faithfully 
track standard records with a force 
of only 8 grams — micro-groove re- 
cords with a force of only 5 grams 
(an added protection for treasured 
recordings). Will fit standard or 
S|>ecial mountings. Have more than 
adequate output for the average 
au(lio%tage. They are requisites for 
the critical listener . . . the lover of 
fine music. They are especially rec- 
ommended for those applications 
where true fidelity is essential. 
Available in single needle and 
dual ueedle turnover models — as 
illustrated above. 

For full details, write on company 
letterhead to Dept. "A." 



SHURE BROTHERS, INC. 

Mi'crophoMi and Acovifi'c 0*vic«i 
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MODEL 
12 




RESPONSE: 



OUTPUT Z: 
SMALL SIZE 



for the 

640AA CONDENSER MICROPHONE 
♦ ♦ ♦ 

SENSITIVITY: —43 dbm output 
for sound pressure 
of 1 dyne cm- ap- 
plied to micro- 
phone 

Down 1 db at 40 
cps; down 0.S db 
at 20 kc ^ 
250 ohms 
IH" dia. X 10" long 
LIGHT WEIGHT: Only 12 ounces 
POWER REQUIREMENTS: 70 ma 
at 1% v; 2H ma at 
135 V. 

LONG BATTERY LIFE: Virtually 
immune to chan- 
ges in battery vol- 
tage; change of A 
voltage from 1.4 to 
1.0 reduces gain 1 
db; B voltage 
from 135 to 105, 
0.6 db. 

The greatly improved performance 
inherent in this new instrument is 
made possible by our extensive ex- 
perience in subminiature techniques 

f ♦ ♦ ♦ 

Audio Instrument Company 

1947 Broadway. New York 23, M. V. 



tually much better than the hard, hrassy, 
triumphant Chopin that \ ictor's artists 
often give us. The Orchestra when it en- 
ters — is not of much importance, as al- 
ways with Chopin, but its background ef- 
forts set the piano off well. The Polonaise 
is mostly icing of the most glittering sort, 
played perfectly and just a hit icily by 
Arrau. 

Auber, Overtures. 

Boston "Fop" Orch. Fiedler. 

RCA Victor DM 1274 (4) 

A fine batt'h of rip-roaring, sentimental, 
dignified orchestral overtures in a real old 
fashioned style. A good album to have 
around for general test purposes, as well 
as casual listening. Big. pompous orches- 
tra, nice melodies, climaxes, etc. None of 
it vitally important as music — hut so what! 

SPEECH ASSOCIATION 

\from page 28] 

Recording in tlie Speech Laboratory, 

by Giles tt'ilkeson Cray 
Recording in the Speecll Clinir. by 

H. -i. Anderson 
Recording in the Speecll Classroom, by 

W ayne C. Eubank 
An Engineer Looks at the Problems of 

Speech Recording, by C. j. Lellel 
I'rofcssors Gray, Anderson, and 
Enhiiiik oiiiphasizod the wide of 
icL'ordiiijj in speech work, and the 
need for high audio quality. As a 
toaehiiis device, a recorder is useless 
iiidoss it <'an e.xhihit a speech defect 
I'learl.v to the student. A macliine 
whose frequency range is inadequate 



or whose distortion is e.xeessive can- 
not be used to illustrate poor diction, 
for example. The problem is aceentu- 
ateil by the fact that the speech 
sounds are presented alone, not in 
context. It is therefore highly desir- 
able to have a frequency range of 50 
to 10,000 cycles reproduced uniform- 
ly. A large proportion of the record- 
ing machines presently offered to 
schools for siieech work are unsatis- 
factory. I'rofessor Kubank noted that 
while tape reusability made it pre- 
ferable for mui'h routine work, it 
was easier, cheaper, and more com- 
pact to store material on Incquer 
discs. 

i\lr. ].,eBeI pointed out that their 
complaints pertained to inexpensive 
home-type machines. The engineer 
working on inexpensive equipment 
has never had to achieve faithful re- 
production, a moderately pleasing re- 
sult being his normal goal. It is out 
of the question to get a 10-ke range 
for $135 as one of the speakers re- 
quested, for whereas a home recorder 
manufacturer may sell several hun- 
dred thousand units per year, a pro- 
fessional design will be fortunate if 
it sells at the rate of one thousand 
in the same period. Mr. LeBel showed 
that while magnetic recording media 



It's Tops! 



Surveys show that AUDIO ENGINEERING is preferred over a 
other technical magazines read by the best informed in the sound 
field — the broadcast engineers. Each issue brings you outstanding 
arflcles on five or more of the following subjects: 



Broadcasting 
Sound on Film 
Recording 

Phono Reproduction 



Public Address 

Industrial Sound equipment 
and applications. 
Acoustic treatment of studios, 
rooms, auditoriums etc. 



In addition, each month Audio Engineering presents latest improve- 
ments in sound reproducing equipment design, test methods, and 
technical news from here and abroad. The editorial stafF includes 
top authorities in the sound field. 

Subscribe NOW! Don't miss an issue! 

Please write for deta:!:i of our special group rate 
covering 6 or more Subscriptions. 




AUDIO ENGINEERING 

RADIO MAGAZINES. INC. 

342 Madison Avenue, New York 17, N. Y. 

Sirs: Here is my □ check (or □ money order) for % Enter my subscription order to AUDIO ENGINEERING foi 

next issues. Subscription Price: In U.S.A., Canada and Pan America — 12 issues $3 — 24 issues $5. All others $1.00 more per 

Please check one: □ New Subscription □ Renewal 

Name (please print) 

Address — C'^ 

Occupation (give title and depar+ment)...- _ 

Firm Nam* - - - 



■ Ihe 
year. 



..State 



36 



AUDIO ENGINEERING 



APRIL, 1949 



www.americanradiohistorv.com 



had the advantage of reusability, 
magnetic recording equipment had 
maintenance problems not needed by 
disc equipment. These problems are 
head wear, head alignment, and bias 
variation with time. 

In the resulting discussion it de- 
veloped that while the schools had 
paid several hundred to several thou- 
sand dollars for each disc recording 
unit, and had no complaint about 
their performance, they were very 
unhappy about the sound quality 
and/or durability of home wire and 
tape machines. It was ix)inted out 
that they were calling for jirofession- 
al quality, and could expect to get 
it only at professional prices. 

Educators luny not be able to toss 
around electroacoustical terms a s 
glibly as the average engineer, but 
they appear to have better trained 
ears than the average home recorder 
designer. It would be profitable for 
sales departments to drop the idea 
that any old piece of junk is just 
the tiling to sell to schools. This idea 
was the vogue in the disc recorder 
field until the educators learned their 
lesson. Apparently we are now about 
midway in a similar cycle in mag- 
netic recorders, and the disillusion- 
ment stage has already begun. 



N. A. B. CONVENTION 

[from page 15] 

meetings cover training of personnel, 
advances in facsimile, and a report on 
TJHF television. An FCC-Industry 
Roundtable is scheduled for 10 :45 a.m., 
with Royal V. Howard of NAB as 
moderator. 

Two interesting affairs are sched- 
uled simultaneously for Saturday aft- 
ernoon — a tour of ABC and NBC 
television stations, and an ojjen meet 
ing of the NAB Recording and ]{e 
producing Standards Committee ii, 
which all members and interested 
parties are invited to participate. 

RMA-IRE SPRING MEETING 

# Two audio papers arc scliodulotl 
for the UMA-IKE Sjiring Mcotinpr, tn 
he hold at the Benjamin Kranklin 
Hotel in I'liihiilclphia on A[iril 2.'). 
2G, nnd L*T. Both nro spotted for the 
9:30 a.m. session Wetluc^day, and are: 
Audio Power Amplifier with Positive and 
Negative Feedback, John M. Mi]ler, 
.Ir., lirndix h'adio. 
Longitudinal Interference in Audio Cir- 
cuits, II. W. .\iij:ustadt. Hell Teh- 
phune Laboratories. 
These papers shoidd be of especial 
interest to the broadcast engineer, 
partieularly tho.se who are involved 
in system design. 
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THESE 3 NEW PRODUCTS 

... AT TERMINAL 

REK-O-KUT "CHALLENGER" PROFESSIONAL RECORDER 

12" 2-8peed recorder with precision oTCrhead lathe 
merhanism. Automatic speed change from 78 to 33-1/3 
rpm. Machined and balanced aluminum turntable, cast 
aluminum frame. Heavy duty precision -balanced motor. 
Hich fidelity 8" speaker. Overhead feed mechaniim in- 
corporates a safety cutting head feature, which lifts 
cutter from record as center of record is approached, 
thus preventing double cutting and damage to stylii. 
Wide range, distortion-free amplifier. Inputs for high 
impedanc« microphone, phono and radio. For 115 volts 
60 cycles AC. Size 25 x 22 x 12 inches, weighs 67 
lbs. Shipping weight — 80 lbs. 329 95 



Price 




BROOK Model 12A3 HIGH 
QUALITY AUDIO AMPLIFIER 



M-I2-I92 

interchangeable feed-screw for micro- 
groove 192 lines per inch. Specify out- 
side-in or inside-out. Also for use with 
M-12 overhead assembly. 95 

45 RPM idier wheel, interchangeable 
with 33-^3 rpm wheel. ^ 00 

Advanced Model 180 
WEBSTER -CHICAGO 
Portable Wire Recorder 

with Exclusive 
Record-O-Magic Controls 





Wifhin the range of its 10 watt 
power rating, Model I2A3 is equal 
in all respects to the famous Brook 
30-watt amplifiers. 

Along with virtually dlstortienleas re- 
production. Model 12A3 features a 
measure of operating flexibility and 
convenience which is unique in the 
field of high-precision amplifiers. Al- 
though designed primarily far heme 
use as the heart of custom-built radia- 
pkonographs. its Incomparable audio 
characteristics make It equally suit- 
able for laboratory »r commercial 
applicatien where exacting engineer- 
ing standards prevail. 

Complete with separate pre-ampU- 
fier and control ^ ^ ^ 



FREE! 



The new Webster-Chicago "Electronic 
Memory" {s eaay to use I Automatic Stops 
■hut off motor before wire can run off 
either spool in cither direction. Resets 
automatically when Lock-fast Operating 
Lever is returned to center position. Push- 
pull output Expanded Range amplifier 
allows recording of voice and music with 
excellent fidelity. Built-in Elapsed Time 
Indicator permits accurate timing, cueing 
and editing. New. powerful erase circuit. 
Removable Take-up Drum permits fast re- 
load of recordings longer than one hour. 
Has radio input and external speaker er 
amplifier outlets. Compact luggage case 
measures 17 3/8" x 113/8" x 7 1/2". Car- 
rying weight is 27 lbs. Operates on 105- 
120 volts. 50 or 60 cycles AC. Cemplctc 
with microphone, 3 spools of recording wire 
and instructions. 4 

Price *"#^BiJw 

Many useful acr<>'^s'ir'es available to en- 
hance versatility — writ«- for complete cata- 
net Ingt 

WRITE FOR YOUR COPY OF OUR NEW 1949 
CATALOG OF HIGH QUALITY SOUND EQUIPMENT 
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EXPERIMENTAL ULTRASONICS 

Stretching The Diaphragm 

'Die diaphragin nuitfrial can be 
nickel, iiiuiiel, <>erniaii silver and so 
on. For any reasonable predictability 
of results, it must be stretched. This 
proved rather difficult. Welding 
iiround the rim did not work out too 
well, as tlie joint was required to be 
waterproof under 100 lb of pressure, 
and welding often left small gaps. It 
was finally soldered in a jig that kept 
the diaphragm under tension during 
the soldering operation. A jig was 




BAKCIITE Plus 
LOCK SCREW 



Fig. 3. Details of end of transducer 
probe suitable for use !n air or gases. 

constructed that could be placed in 
a furnace and brought to 400°. After 
precision tinning both the diaphragm 
and the shell, as well as the button. 



the assembly was slowly brought up 
to liciit and a ring of solder flowed 
around the joint. Slow cooling gave 
uti a stiible assembly, and the dia- 
phragm was turned off flush. 

A diaphragm thickness between 4 
and 6 mils proved practicable. The 
button thickness did not prove criti- 
cal in the sense that a thickaess of 
a quarter or half wave showed up in 
greatly increased output. The thicker 
the button, the less the output, in 
general. For stiffening, a thickness of 
fi mils prove<l adequate. 

Crystal Mounting 

In general, a sliding reaction type 
mounting was used. If we assume tlie 
diaphragm will be bulged inward by 
external pressure, then we attempt to 
spring mount the crystal so it can 
move longitudinally with the slow 
displacement of the diaphragm. This 
works out well if good sliding fits are 
made. 

Loading the crystal with a lead 
block did little good above 50 kc or 
so, a small mass sliding bakelite plug 
being sufficient to back the crystal. 

Characteristics of Various Crystals 
as Mounted 

In general, the Koclielle bimorph of 
either bender or twister type, such as 
are used in phonograph pickups, gives 



great output iu isolated peaked re- 
sponses, with no uniformity of output 
at all. Its modes of oscillation above 
111 kc are so complicated as to defy 
analysis. If you just wish to know 
that some supersonic energy is in the 
medium, the bimorph will often be a 
guide witli occasional flashes of out- 
put up to several megacycles, but for 
quantitative work it is useless. 

Quartz has little response off reso- 
nance, especially when we attempt to 
drive one quartz with another through 
some medium. So in general, they are 
usefid well above a megacycle, where 
other devices are unusable, and then 
we must frequency modulate the 
transmitter quartz crystal for practi- 
cal applications. The combination 
then works rather well. With a swept 
band of 100 kc or so at 5 mc, and 
200 volts input, the receiving unit 
will pick up about a millivolt of sig- 
nal. Quartz must also be used when 
the temperature is much above 250* F. 

A word of warning — practically all 
wartime quartz was shear cut, so do 
not attempt to use it under penalty 
of extremely complicated radiation 
patterns, useless for any practical 
purpose. 

Primary ammonium tartrate crys- 
tals (PN) are about the most promis- 
ing. They can be used at boiling 
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water temperature. 'Hiey readily eome 
up to an inch in len^h in pure piston 
action, cut witli a natural period of 
about 50 ko, are fairly sensitive and 
have low noise level. They have too 
low a capacitance to be ideal. A half- 
inch cube has about 0.8 itiif capacit- 
ance, so they suffer from the shunt 
capacitance of a long lead or a vacu- 
um tube voltmeter or oscilloscope. 

Since they very readily dissolve in 
water, any mounting must be water- 
proof. Any handling with the fingers 
should be avoided, as they are gradu- 
ally eroded by finger sweat. They arc 
quite soft, about like a cube of suprnr 
in hardness, so tliey are easily dam- 
aged by a blow, or a sharp-pointed in- 
strument. 

Another controlling difficulty in 
making a stable permanent mounting 
of the PN is the fact that no pressure 
can be used except on the working 
faces. These come marked with a lit- 
tle black dot, and the crystal must be 
wholly supiiortcd by simple direct 
pressure on these faces only. Other- 
wise its sensitivity and resonant peri- 
od will he seriously and erratically 
affected. 

The writer has used these mostly in 
the form of cubes. Samples are fur- 
nished to very exact dimensions, and 
dead square. 

When mounted in the shell of Fig. 
1, they are very stable and uniform. 
Care must be taken that no sharp 
blow on the diaphragm crushes the 
crystal but a reasonable amount of 
care will prevent this. However, the 
metallic diaphragm lowers the sensi- 
tivity very much when used in air or 
a gas, so the mounting shown in Fig. 
S was developed. 

This mounting as a probe has sev- 
eral advantages. The stretched rubber 
of a thickness of about 0.3 thou- 
sandths damps the crystal somewhat, 
but an absolute mininuim. It has no 
characteristics of its own to speak of 
as a diaphragm. However, it does not 
do a very good job of protecting the 
crystal, and when used as a contact 
microphone considerable care is re- 
quired not to damage the crystal. 
When used on the body there is little 
danger, hut when working around met- 
al parts that have sharp edges, great 
care nni.st be used. The sliding pro- 
tective metal sleeve should be only 
retracted when the crystal is actually 
in use. 

When used with a high-intensity 
source, such as the Hartmann gener- 
ator, this unit gives out a Tolt or two 
to drive an oscilloscope, if within two 
inches of the generator, and in the 
maximum field. Tt will give the same 
with the parabolic reflector ten feet 
away, sharply focused on the face of 
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IN THE PROFESSION, AN HONORED NAME 




A-l SPEAKER SYSTEM 




B' m A- CONE SI>6AKtll 



FROM THE LARGEST TO THE SMALLEST 
ALTEC LANSING IS FIRST IN QUALITY 



To those familiar with the 
history of Altec Lansing, 
its reputation in the top- 
level quality field is easily 
understood. Altec Lan- 
sing is best known as the 
designer and manufac- 
turer of massive motion 
picture theatre speaker 
systems where highest 
obtainable quality out- 



weighs every other con- 
sideration. In the design 
and manufacture of a 
balanced line of speakers 
fulfilling every need for 
highest quality reproduc- 
tion of sound— yet adapt- 
able to more confined 
space, no compromise was 
made with quality. For 
the professional audio 



world and for the elec- 
tronics industry general- 
ly, the history of Altec 
Lansing is the clue to its 
reputa^on. 



Write for Dtaeriptivt Brochure 
— Altec Lansing Corporation, 
I It I North Vine St., HMywocd 
as, Calif.. 161 Sixth Ave., New 
York la, N, K 
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the PT6 series of 
tape recording 
equipment. 

MAGNECORDER 
PT6-JA 

Especially designed for 
schools, industry, labora- 
tories, smaller radio sta- 
tions, and music lovers who 
demand the same quality 
inherent in all Magnecord 
equipment. 

Here Is QualHi/ 

At A Price 
You Can Afford 

/•'or (Ipfailed specifiratiouf: 




PT6A 



Tape Recording At Its Best 

Fr(.'C|llCMC.V K(■SIl(lIl^l' .">0 t<l 1.">,II0I> ('lis. zt: 2 (lb. 

Pistortidu 2% ut full nicMlulation 

Magnecord tape recording equlpnnent has 
boon proven by months o-f constant use by 
tho most critical users in radio broadcast 
station; and recording studios. 

tind tilt' mime of t/our iirtirt'.'<htiisl ribulor irrile: 



MAGNECORD, Inc. 



360 N. MICHIGAN AVE. 



CHICAGO I, ILLINOIS 



the ('r.\"^tal, JIo\ve\'('r, this is only 
true with iilmut two leads about two 
feet loMK iinil depurated. If a six-foot 
I'onccMlric cable is used the signal 
drops rapidly for each foot of cable. 
Kor serious work a cathode follower 
stage riftht at the crystal and imped- 
ance niateliinfr itno the .li-olini line 
is required. 

UnK Used as TransmKter 

Any PA' crystal will take 200 volts 
of drive. If you wish to operate over 
a wide band of frequencies this offers 
Some problems. 

Suitable o.scillators should cover 
the si)eetrura from ten to a few Inin- 
dred kc or higher. The output must, 
of course, be stepped up in voltage by 
some means. 

One means is a tuned circuit right 
at the crystal. Due to its very small 
capacitance, this is rather easy to do. 
Somewhat more difiBcult is designing 
a wide-band transformer to step up 
the 52-olim line to match the crystal. 
Anfither answer is a driver tube at 
the crystal, choke-coupled to it. 

A warning on using tho crystal as 
a self-frequency determining oscilla- 
tor. By the time the crystal is loaded 
with a diajihragm and damped by the 
mounting, it is seldom possible to 
have it develop sufiBeient reactance to 
act as 11 normal oscillating crystal. 
This is especially true if it is im- 
uicr^cd in water, where the Q often 
falls to ten or less. The writer made 
a determined but unsuccessful effort 
til lock such a crystal to an unstable 
o cillator. 

Working Units in Pairs 

Two similar units work well in 
cither air or water. Kor a first ex- 
riTiiiicnt. have them face to face and 
.iiiin llieiii with u <lrop of water. The 
-i);n:il transmission will be very good. 

If thc.v are used with only air in 
between, very high values of stand- 
infi-wave ratios will be noted as they 
arc moved apart. These may be 40 db 
or so. These are obtained only when 
they are dead parallel and dead con- 
centric on the same axis. 

Tf used in a test ohamher, as shown 
in iilidtograjih, some interesting ef- 
fects can be observed. If we gradual- 
ly fill the chamber with water, reflec- 
tion from the imderside of the water 
will be almost 100% and wave can- 
cellation will occur, and by careful 
fillinpr drop by drop a range of signals 
of 00 dh or more will be had. This 
means that a test cell such as this 
must be a complete honsinpr with no 
water surface on top. .So the filling 
orifice inust be closed by a plug whose 
inner wall is flush with the inner wall 
of the tube. With a suitable selective 
receiver, almost anv of these units 
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will pick ii]> tlie tioliing ol a watch 
up to -JW) ko or so, even througli sev- 
eral liiiDilred feet of wire. Some iii- 
tercr^tiiijj: work iiiiglit be diiiie on 
niiu-liiiiory noise, especially liiprli- 
spoud iiiilclniierj-. Most of the analyz- 
ing now done :icou?tica!l,\' riit> nlf at j 
rather low fre(iiiencies. | 

It is sninewhat of a sliock to find 
that the ordinary telephone receiver, 
when nvorloadrd liy lond speci'h, gives 
ont detectable energy up to 100 kc at 
least. We might iin'cstigatc direct 
picknp of nois(> above 20 kc from a 
phonograph nee<lle tip. The noise 
si)ectrnni direct from a grinding 
wheel may tell ii.' how many of the 
cutting particles are engaging the 
work, and might be used as a feed 
control. We know it will be diflBcnlt 
for a reader of Aroio KNciNKKHixn 
to locate a <'ocl\rf)ach to chivv.v with 
ultra.sonics. bnt if he is given his din- 
ner on the diaphragm of one of these 
units the noise^s are very nntisnal. i 

In the next article of this series 
we will discuss the design of suitable 
receivers, tuned voltmeters, and the 
like. It is obvious to select a commun- 
ications t.vjx! receiver for frequencies 
aliove .l.'iO ke or so, but many of them 
are too sharply selective for some , 
uses. The range from 10 kc to .5.50 kc 
requires very special design indeed. 



MEASURING PROCEDURES 
FOR MAGNETIC RECORDING 

\from pa^e 19] 

um, the magnetic head?, the bias level, 
the signal level, the amplifiers, and the 
speed of the medium. The last four items 
can he spt'cified within reasonable limJts. 
Howi'vcr, it soenis to lie ini|nissil)le at the 
present time to specify a standard medi- 
um, or standar<] recording ami rt'produring 
heads. This being the case, the frequency 
respon-rs of dilTcrrnt nie^iia may only be 
coniparrd diriTtly when thi'se responses 
are made using the ?iaini' nr exactly 
wjuivalent magnetic hi'adT^. Needless to 
say, tlic testing procedure must follow cer- 
tain staiulard specifxations. It is the pur- 
pose of this section to state and explain 
these standard sperifications. 

I. Speed of the Medium 

a. Ma^snetic (f'ire. For magnetic re- 
cording wire, the speed of the medi- 
iuni for freipiency-rcsponse meas- 
urements shall be two feet per 
second ± . 

b. Magnetic Tape. For magnetic coated 
recording tape, the speed of the me- 
dium for freiiueney-ri'sptinse meas- 
urements shall be 7.5 inches per 
second ± 2%. 

II. Signal Level 

The recording signal level shall be 
set at the Standard Recording Level. 
In a given magnetic recording system, 
the standard recording level is the val- 
ue of audio current in the recording 
head such that the resulting remanent 
induction in the recording medium 
produces an open-circuit voltage at the 
terminals of the reproducing head 
which is approximately 12 db. lower 



No. BO-6. For use in high fidelity 
amplifiers. Couples push-pull 6L6's 
(7500 ohms, C-T) to 6/8 or 16/20- 
ohm voice coil. Center-tapped ter- 
tiary winding provides 15% inverse 
feed-back to reduce harmonic dis- 
tortion to a minimum. In drawn 
steel case, 4Vifi" x 3%" x 3* Vie", with 
mounting studs and convenient pin- 
type terminals . . . List Price, $23.00 



No. BO-7. For matching 600 or 150- 
ohm line to a 6/8 or 16/20-ohm voice 
coil. Frequency response within plus 
or minus Idb. at full rated output — 
maximum power level, 30 watts. 
Mounted in compound-filled drawn 
steel case, Wis" x 3%" x 3>>/i6". 
Mounting studs and pin-type ter- 
minals same as No. BO-6 illustrated 
above List Price, $22.00 



There's a CHICAGO Output Transformer for Every Full Frequency Use 



Cat. No. Application 


Impedance 


Max. Power 


List 


BO-1 


Single Plate to Line. 


. . Pri. -15,000 olims at 0 to 10 ma d-c 
»Sec.-600/150 olims CT 


4-20 dbm. 


S13.00 


BO-2 


P.P. Plates to Line . . 


.•Pri.-20,000 olims CT 
•Sec.-600/150 ohms CT 


+30dbm. 


19.00 


BO'3 


P.P. ^tes to Line. - 


: Pri. -5,000 ohms CT 
♦Sec— 600/150 ohms CT 


+40 dbm. 


17.00 


tBO.4 


P.P. Plates to Line. . 


..Pri.-7,500ohmsCT 
•Sec.-600/150 ohms CT 


+43 dbm. 


13.00 


BO-5 


P.P. Plates to Line.. 


. Pri.-lO.OOO ohms CT 
'Sec.-600/150 ohms CT: 16/8/4 ohms 


+37 dbm. 


24.00 



tTertiary winding provides IS% inverse feedback. *Split and balanced windings. 



HIGH Q 
CHOKES 

for Dynomic 

Noise Suppression Circuits 

Two precision-built chokes 
with inductance values of .8 
and 2.4 henrya respectively- — 
accurate to within + 5% with 
up to 15 ma d-c. Units have a 
minimum Q of 20. Remarkably 
compact, V%" x 2H" x 1%" . 

No Indudanc* Li«l 

NSI-I .8 h $10.00 

N$l-2 2.4 h 10,00 




Famous "Sealed in Steel" 
New Equipment Line 

The units described above 
are typical of CT's New 
Equipment Line featuring 
transformer engineering 
that's ahead of the trends 
in circuit design. Get the 
full facts on the complete 
line now. Check the fea- 
tures, and you'll see why CT is called thef 
"Engineer's Transformer." Check the 
prices: see how little more these advanced 
units cost over ordinary transformers. 

Writm for Conip/«f« "N«w Equipment" Catalog Today 




CHICAGO TRANSFORMER 



OIVItlON or fiSfX Wl»l COItfOtMlOH 



3iOl ADDISON jTttIT ■ CMlCllLOO 11, I 



LLINOIS ^ 
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A DOUBLE NEiDLE 
PICKUP CARTRIDGE 

*ITM TOP QUALITY PERFORM- 
ANCE CMARACTERJSTICS ■ 
'TiA TWE AflOST CONVENIENT 
^-XeW NEEDLE REPLACEMENT 
ARRANGEMENT THAT HAS BEEN 
DEVISED 

THE ASTATtC LQD TURNOVER 
TYPE CRYSTAL CARTRIDGE 





ZL gentle pry with penkniie or screw- 
" • driver, and ONE needle comes out 
oi the Astatic LQD [>ouble- Needle Car- 
tridge when replacement is necessary . . . without disturbing the 
other needle, without removing cartridge Irom tone arm, without 
so much as the turn oi a screw or use oi other tools. Gentle pres- 
sure with the tip oi a kniie blade snaps the new needle into place. 
Astatic type "Q" Needle, with three mil tip-radius, and "Q-33," 
with one mil tip-radius, are employed . . . established types which 
have been on the market for some time and are readily available. The rela- 
tively high vertical and lateral compliance oi this needle design affords 
appreciable reduction in needle talk, contributing greatly to the new cartridge's 
high standard oi reproduction. 

Listening tests by prospective users have prompted such comments as: 
"Unquestionably the best we've heard." You are urged to make your own com- 
parisons, note the excellent frequency response particularly at low frequencies, 
judge for yourself the performance qualities and convenient utility of the Astatic 
LQD Double-Needle Cartridge. Available with or without needle guards. 
Write for additional details. 

THE ASTATIC CORPORATION, Conneaut, Ohio 

In Caniula: Canadian Asiatic, Lid., Toronio, Onl. 

§ 



Aitatic Crystal Dtvicts manufactmred 
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"PRDPyCTS of EXTENSIVE RESEARCH" 



NEW L[N[ Qf HIGH FIDELir? OUIPilT TRANSFORMERS { 
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BEPT.AX7. 1718-36 WEIRFIELD ST.. BROOKLYN 27, NEW YORK, 



than the Saiiuated Signal Output, pro- 
vided that the frequency is the fre- 
quency ot Maximum Response and that 
the bias is set at tlie value of Oper- 
ating Bias Current. 
Saturated Signal Output 

The saturated signal output is the 
maximum voltage wliich appears at 
the terminal of the reproducing head 
when the field intensity in the gap of 
the recording head is of such magni- 
tude that a further increase does iiot 
result in an increased reproduced sig- 
nal measured at the frequency of max- 
imum response and at the operating 
bias current. 
Peak Recording Level 

The peak recording level shall be 
that value of input which results in 
10% lulal harmonic distortion at 400 
cycles, as determined in accordance 
with distortion measurement procedure. 
Operating Recording Level 

The operating recording level shall 
be such that modulation peaks do not 
exceed the peak recording level. 
Frequency of Maximum Response 

1 he frequency of maximum response 
is that frequency of recorded magnetic 
signal which produces a maximum 
open-circuit output voUage at the ter- 
minals of the reproducing head when 
a constant-current recording signal at 
the standard recording level is used in 
the recording head. 

III. Operating Bias Current 

The operating bias current shall be 
that value which results in maximum 
output at a frequency of 200 cycles at 
the standard recording level. The ex- 
act value shall be the algebraic mean 
of a higher and lower biasing current 
which results in a 1 db. decrease from 
the output of maximum response. 

IV. Amplifiers 

a. Recording Amplifier. The recording 
amplifier shall be designed and 
connected to the recording head in 
such a manner that the signal cur- 
rent in the head for constant vol- 
tage supplied to the amplifier input 
does not vary more than ± 1 db. 
over any specified useful bandwidth 
of the recording system. 

b. Playback or Reproducing Amplifier. 
The frequency response of the play- 
back amplifier shall be flat in terms 
of voltage output within ± 1 db. 
over any specified useful bandwidth 
of the recording system. 

It should be pointed out that when 
high-impedance magnetic heads are 
used, resonant effects may give an er- 
roneous impression as to the unecjual- 
ized frequency response of a magnetic 
recording system. In the recording 
head, the resonant effect may result 
in a gap field strength which is con- 
siderably higher at the resonant fre- 
quency than at other frequencies. In 
the playback head, the resonant effect 
may account for as much as 6 or 8 db. 
higher response at the resonant fre- 
quency. This may be a desirable meth- 
od of obtaining post-emphasis charac- 
teristics of a magnetic recording sys- 
tem but does not tend to improve the 
signal-to-noise ratio of the system. 
In making frequency-response measure- 
ments of the medium, it is therefore rec- 
ommended that 

(a) Signal level be that specified as 
Standard Recording Level; 

(b) Bias be that specified as Operating 
Bias Current ; 

(c) Amplifiers meet the requirements 
as specified in Section IV: 

(d) Measurements should extend either 
side of the frequency of maximum 
response until noise becomes the 
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limiting factor or the output is 20 
(11) below that obtained at the 
frequency of maximum response. 
In making overall frequency-response 
measurements of a iiiugnetic recording 
system* the same conditions as above shall 
apply, except tlie aiiiiilifiers shall be those 
used in tlie system. 

2. DISTORTION 

In rneasuring the < list on ion of a mag* 
netic systrrii, or any system where a mov- 
ing tiUMliiiiii is involved, certain precau- 
tions mu?;t be observed in order to obtain 
a true distortion evaluation. Variations in 
speed of llie medium may cause frequency 
and phase shifts which exceed the limita- 
tions of t he measuring ei|uipment. This 
is especially true if the equipment is of 
the type wln-re the fundamental is filtered 
out by mean's of a sharply tuned filter and 
the residue measured^ or where the in- 
dividual liarinoiiics are selected and trans- 
mitted through a ha>|d-pas5 filter of only 
a few cycles in width. It is believed that 
the band pass of the filter should be 
broad enough to permit frequency changes 
of the order of at least plus and minus 
5 percent. If harmonic distort ion meas- 
urements at only one frequency are con- 
templated, it is suggested that 400 cycles 
he chosen as the frequency, since distor- 
tion measuring equipment which fulfills 
the recpiirements stated above exists. 

Harmonics above the fifth may not be 
too significant, and if such is the case, 
the playback system need only be com- 
pensated so that the overall response is 
flat within one db from at least 400 to 
2000 cycles. When makinp distortion 
measurements. i4ie record in'g current 
should be held constant as recommended 
for frequency-response measurements. In 
order to minimize the high-frequency 
noise, so that is is not an appreciable part 
of ihe disionion reading, it may be de- 
sirable to permit the high-frequency end 
to roll off above 2000 cycles. 

Obviously distortion measurements may 
be made at anv recording level, and many 
measurements should be made at dilTerenl 
recording levels and with various amounts 
of biasing current in studying the charac- 
teristics of the system. Such a study per- 
mits a more accurate determination of 
the normal recording level and operating 
bias. 

The recording level is usually not too 
important from the viewpoint of the audio 
power, as the actual power required is 
very low and more power, if needed, can 
easily be obtained. Output voltage from 
the magnetic head, on the other hand, is 
low and requires considerable amplifica- 
tion, so that it may be of greater signi- 
ficance when comparing media. It is, 
therefore, suggested that when making 
distortion measurements both input and 
output levels be given. 

It is therefore recommended that to- 
tal harmonic distortion measurements be 
made 

(a) At 400 cycles (measurements at 
other frequencies may be made and 
so indicated, but figures of the 
400-cycle distortion values should 
always be included) ; 

(b) With a system which is flat within 
one db from 400 to at least 2000 
cycles ; 

(c) Using the value of biasing current 
as defined by Operating Bias Cur- 
rent : 

(d) With inputs 6 and 12 db below 
the peak recording level. 

3. NOISE 

a. Sysrem 

In order to specify noise in a manner 
that shows the capability of the equip- 
ment, two measurements are recommend- 
ed: First, a "high-frequency" measure- 
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IXSi:iKTIOi\ LOSS OIVI.l I I int.! 

Capable of providing variable regulation over a range of 16 DB. attenu- 
action and 12 DB. equalization in calibrated and detented 2 DB. steps at 
both ends of the audio spectrum, the 4031-B Program equalizer is one of 
the most advanced units on the market today. 

Designed to fit the needs of motion picture, recording and broadcast 
industries, this distortion-free equalizer can be cut in or out without 
changing the signal level at the center of the range. Variable high-fre- 
quency positions are selected at 3, 5 and 10 KC. by a panel key. A separate 
control permits independent equalization and attenuation over the low- 
frequency spectrum. Designed with a constant "K" circuit, the impedance 
remains constant over the entire range of control. 

Toroidally wound coils are used to eliminate hum pickup. Controls 
may be operated while the program is in progress without causing clicks 
or apparent change of average level. 

Send for literature and complete set of ctuves. 



^ CINEMA- 

ENGlNEERiNG COMPANY 

1 5*10 W. Verdugo Ave, Butbank, Glif. 



Announcing — 

TELEVISION INTERFERENCE 

Its Causes and Cures 

A new Handbook by Radio Magazines, Inc., covering in detail the 
important facts of TVI. The TVI Handbook is edited to fill the pressing 
requirements of amateurs and other technicians confronted with the 
problems of TV interference, or otherwise unsatisfactory television 
reception. Included in its thorough treatment of causes and cures are 
a comprehensive set of TV screen photos depicting all types of 
reception, many case histories, preventative design data, and other 
equally pertinent facts. It is a vital publication for radiomen wherever 
TV is on, or about to go on the air. 

Price 50c plus lOc postage, or order from your local dealer. 



CQ — Radio Magazines, Inc. 

342 MADISON AVE.. New York 17. N. Y. 

Enclosed find $ for. .. 

Name 

Address 

City Zone 



copies TVI Handbook 



State.. 



ment whidi fxcludcs hum and otlier low- 
frequency noises and evaluates the effec- 
tiveness of the Erase, the result of the 
addition of Bias (used during recording), 
and the high-frequency noise present in 
the system; the second method includes 
the entire frequency spectrum covered by 
the system and is therefore an •"over-aH" 
measurement. 

For the high-frequency measurement, a 
250-cyclf high-pas? filter should be used 
to niinimi/e hum and other lou-fre<|uency 
noises. The eiiulpment noise, with the me- 
dium not running, should be at least 10 
(lb below the value measured with the 
medium moving, in order to obtain reason- 
able accuracy of system noise measure- 
ments. If this is not the ease, both meas- 
urements, "eijuipmenl" and "system high 
frequency," should be stated. 

Since t he measurement is usually one 
of comparison, it is recommended that the 
comparison be with the reproduced out- 
put obtained with the peak recording level 
as defined previously, and the noise be 
stateil as so many dli below this value. 
The frequency range covered by the sys- 
tem is signifieant in noise measurements, 
and it is recommended that the playback 
system be at least e<iualized flat within one 
db between 200 and 2000 cycles. The 
specified range should be expressed as ex- 
tending to the frequency at which the 
output drops l.S db I)elow the flat response 
portion. For high-fre(|uency noise meas- 
urements, the 250-cycle high-pass fiher 
will, of course, determine the low.freciuen- 
cy cutofF, and the range would be speci- 
fied as being from 250 cycles to some 
frequency where the output is 15 db be- 
low the flat response portion. 

For an over-all noise measurement of 
the system which includes low-frequency 
noise, such as hum, the 250-cvcle high- 
pass filter should be removed and the 
noise measured as before. The freciuency 
range should be stated as extending from 
some low frequency, which is 15 db helow 
the flat response level, to a high fre<|uency, 
which is also 15 db down. 

It should be noted that noise measure- 
ments renuire about the same equaliza- 
tion as distortion measurements, and it 
may. therefore, he possible to use the 
same equipment by including a 25fl-cvcle 
high-pass filter, since tlie distortion meter 
of the type available is also designed for 
noise measurements. 

In making both the overall and high- 
fre(|uen( v noise measurements, the medi- 
um should be erased and bias applied as 
normally done in recording, but without 
signal. 

It is therefore recommended that when 
making noise measurements pertaining to 
the system 

(a* The medium should be erased and 
bias applied as is normally done 
in recording. 

f b) The playback system he compen- 
sated flat within one db from 200 
to at least 2000 cvcles. 

fc) The reference signal be 400 cycles 
recorded at the peak recording 
level and the noise expressed in 
db below this level. 

(d* A high-pass fiher cutting ofT fre- 
nuencies below 2.S0 cvcles be used, 
fe) The freouency range be stated as 
from 250 cvcles, to the frequency 
at which the response is down 15 
db from the flat response portion. 
Note: If the equipment noise (medium 
not moving) is not 10 db or more below the 
sv«tem noise, both values should be stated. 
When making noise measurements of the 
overall system, which would include 
"hum." the procedure outlined for system 
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An EASY and ACCURATE Way to 

Measure Audio FrequencY Voltages 




• I )csii.'iic<l for llie iiH-asiiroiiicnt of \C \ olliiiics from .001 Volt to 
loo Volts over a fre(iiii-iicy raii^'c of 10 to 150,000 c\rl<-s. • Vciiracy 
of readings is *2% at aiiv point on the seale. • \ery stalilc ealilira- 
tion niiaffeete<l liy eliaiipes in line voltage, tiilies or eirenit constants. 

• Kange switeliing in ileeade steps — easy to use — only ONK seale to 
rea<l. • Output jaek an<l output control proviiled so that Voltmeter 
can lie used as a high-gain (TO 1)15) high-lidelity amplifier. • Acces- 
sories availahle to extend readings up to 10,000 Volts and down to 10 
iiiierovolts. • Precision Shunt Kesistors convert Vlodel 300 Voltmeter 
to very sensitive direct -rea<ling milliannneter. • Vi rite for complete data. 

PRICE $200.00 



nuise should be folluwed, except tliat 
U) The 250-cycle high-pass filter not 
be used. 

(b) The frequency range be stated as 
extending from the low frequency 
which is 15 db lielow the Hat re- I 
sponse level to the high fretjuency 
which is also 15 db below, 
h. Medium 

Where a noise nieasuremenl which ' 
properly evaluates the capabilities of a 
medium is wanted, great care must be 
taken in erasing the medium prior to the 
noise measurements. It has been found 
that asymiiwtry of wave shape of erase 
and bias of the high-frequency supplier 
affects the resulting noise. Therefore, to 
avoid possible errors due to such an ef- 
fect, it is recommended complete erasure 
be obtained by the use of a strong low- 
frequency (60-cycle ) magnetic field (so- 
lenoid coil structure), having gradual de- 
creasing strength where the medium leaves 
the field. Neither high-frecjuency erase or 
biasing fields should be applied after the 
low-frequency erase, and every effort 
should be made to completely demag- 
netize the reproducing head or any other 
magnetic material which may be in con- ' 
tact (or sufficiently close to cause mag- 
netization of the medium) , before meas- 
urement. The reference signal of 400 
cycles should be recorded on a separate 
section of the medium or the reference 
level established immediately prior to the 
low-frequency erase. Since equipment hum 
should not be chargeable to medium 
noise, a 250-cycle high-pass filter should 
be used during measurements. 
It is therefore recommended that when 
making noise measurements pertaining to 
the medium 

(a) The playback system be compen- | 
sated flat within one db from 200 
to at least 2000 cycles. 

(b) The reference signal of 400 cycles 
be recordefl at the peak recording 
level and the noise expressed in db 
below this value. 

(c) A high-pass filter cutting off fre- , 
quencies below 250 cycles be used. 

(d) The medium be erased complete- 
ly. using a strong low-frequency 
field if necessary. 

<e) The frequency range he stated as 
from the cutoff of the filter. 250 
cycles, to the frequencv at which i 
the response is down 15 dh from 
the flat response portion. | 
Note: If the equipment noise (medium 
not moving) is not 10 dh or more 
below the system noise (medium 
moving), high values of noise should 
be given. 

SubmiHed by: 

Dr. S. J. Begun, Chairman 
Mr. L. C. Holmes 
Mr. H. E. Roys 



DISC RECORDING 

[from page 13] 
ful copy. Also, when making record- 
insrs purposely for dubbing, lower 
levels are used in order to take ad- 
vniitnge of the reduced cutter distor- 
tion, and care is taken to work at the 
outside radii as much as possible. By 
careful attention to response and dis- 
tortion, it has proven possible to re- 
record speech program as many as five 
times with very little deterioration of 
quality. The accuracy of the comple- 
mentary NAB pre-omphasis and de- 
emphasis networks allows the faithful 



BALLMTIl m 
LABORATORIES, m. 

BOOHTON N. J. - U.S.A. 



In addition to the Model 300 Voltmeter, Bal- 
lantine Laboratories also manufacture Battery 
Operated Electronic Voltmeters, R. F. Electronic 
Voltmeters, Peak to Peak Electronic Voltmeters, 
and the following accessories — Decade Ampli- 
fiers, Multipliers, Precision Shunt Resistors, etc. 
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America's 
leading 
engineers 
of important 
industrial 
organizations 

SWITCH 
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NEWARK 



TV, Radio, Sound and 
Recording Equipment, 
Replacement Parts and 
Electronic Tubes 

_ because... 

NtWARK has the most complete on-the- 
spot stock of oil stondord equipment... 
from the ttntesf replacement port to the 
most complete msrotlotton ... on hond in 3 
giont centrolly locoted stores, and tre- 
mendous worehousesi 

MWARK equipment is tops in quolity, de. 
pendobility, and performonce. Everything 
is Newark-tested ond Nework.bocked, so 
you know it's the best I 
NEWARK delivers the goods... but (osti 
24-Houf mail-order service ... foster on 
phone or telegroph orders. 
NEMMRK offers the most complete essen- 
tiol reference book. ..148 illustroted pages 
full of doto on over 20,000 stondord brond 
items, including 

Stondord and L-P pickups ond changers* 
Wire, tope and disc recorders • Hi-Fi sound 
and P.A. equipment • Speokers • Mikes • 
Accessories etc. i 



Sand 

TOAAV 
for fRlt 

CATALOG 



Also feoturing a complete line of 
RADIO AND TELEVISION KITS, SETS, 
PARTS and ACCESSORIES for homes, 
hams ond hobbyists! 
24-HOUR MAIL-ORDER SERVICE 

3 GREAT STORES! Uptown otIU W.4Jlh $1. 
Downtown ot 212 Fulton St. in N[W YORK 
Hi W. KlQdUen St.in the heort of CHICAGO 



MAIl NOW 





Dept. D2I 



Nf WA8K ELEC. CO.. 242 W. 55lh St.. N. Y. C. 
I Pleoie lend FREE 1949 Nework Calolog lo; 

I Nome . — 

I Address 



City_ 



-Stote- 



preservation of the original response 
of any phonograph record or transcrip- 
tion recorded at outside sources. Good 
advantage is taken of this factor when 
dubbing flip sides of phongraph albums 
used in daily symphony programs. To 
keep the radius losses at 78 rpm from 
doubling during this procedure, addi- 
tional eciualization is available during 
the last minute of travel by moving 
the radius-equalizer control switch 
from "off" to 'How-fixed." By addition 
of the "ofF," "low-fixed" and "high- 
fixed" ix)sitions to the three basic 
curves, nine curves are available. 

Although such a system of equaliza- 
tion is not applicable to all conditions 
of recording, it has proven remarkably 
practical for speech, for all network 
i-eeording, and for most music. The 
tracing distortion generated by this 
system does not become severe until 
the last equalization step is reached, 
and even that is tolerable when played 
with a good magnetic pickup capable 
of rejection o fall vertical components. 
The segues and overlaps of the sections 
of a half-hour show are unnoticeable 
even on better-than-averagc home 
radios. 

Photographs by Rueben Lawson, Jr. 

— 3[sdiMA — 

[/fom page 6] 

as a reader of at least 13 radio mag- 
azines cver.v month, I ean testify that 
he is the first to do it. 

The Columbia-Victor controversy 
is so confused and befuddled by cor- 
porate names, reputations, advertis- 
ing, and quasi-engineering considera- 
tions that just about everyone in the 
technical world has got to the point 
of holding his head in his hands try- 
ing to stave off apoplexy. Magazines 
and newspapers have skirted the sub- 
ject, adding to the confusion by play- 
ing up the befuddlement of all con- 
cerned. Canby's comments are the 
first honest, objective, intelligent ones 
to appear. 

The comments arc objective because 
— paradoxically — they are subjective. 
Everyone has so far forgotten that 
the only purpose of an.v record is to 
enable someone to listen to music ! 
And music is designed for and pro- 
duces purely suhjective reactions. The 
only objective view that can be valid 
must be based on a subjective reac- 
tion. 

The tremendous, unbelievable, vital 
fact about LP's is that you can ac- 
tuall.v forget you are listening to a 
record! For someone who has been a 
record addict for years, elimination 
of the high-pitched surface hiss, the 
mental picture of the needle travers- 



BETTER COMPONENTS BUILD 
BETTER REPUTATIONS 




El'IHenco 



SPECIFY 

No product is better than its weakest com- 
ponent. That's why more and more manu- 
facturers specify Ei-Menco — the mica capacitor 
that always gives customer satisfaction and 
builds better reputations. 

CM 15 (i^j-.." X Vr X riic") 

For Radio, Television, Other Electronic 

Applications 
2 to 420 mmf. capacity at 500v DCA 
2 to 525 mmf. capacity at 300v DCA 
Temp. Co-efficient ±50 parts per million 
per degree C for most capacity values. 
6-dot standard color coded. 

CM 20 Available in "A", "B", ' C" and 
"D" characteristics 

2 to 1500 mmf. intolerances down to 
±l%* or .5 mmf. at 500 D.C. working 
voltage 

6'dot color coded *Whichever is greater 
CM 35 Available in "A". "B *, "C", "D * 
and "E" characteristics 
Minimum tolerance 1% 
500 D.C. working voltage 
6-dot color coded 

ARCO ELECTRONICS 
Sole agent for jobbers ond distributors 
in U. S. and Canada. 
135 Liberty St., New York, N. Y. 

Write, on firm letterhead, 
for samples and catalog. 

THE ELECTRO MOTIVE MFG. CO., INC. 

Wlllimantic Connecticut 



AUDIO ENGINEERING SCHOOL 

A praetieal Audio Encinecrinc courac In 
Sound Fundatnentala; FILM and MAGNET- 
IC Recording ; Tranamiasion Mcasurcmcnta ; 
Monitorinc and Mixing- Laboratories contain. 
Transmission Sets, Oscillators, Distortion 
Sets; Harmonie Analyzer; Intermodutation 
Analyser and other eqpt. Rceordins Studio 
assirailatinr Broadcast, Motion Pictarc and 
Commercial Sound Recording H. M. TRE- 
MAINE. Pres-Dir. 

ApproTcd for Veterans and ForclKn Viaaa. 

HOLLYWOOD SOUND INSTITUTE Inc 

1040.A No. Kenmore Hollrwood 27. Calif. 



8 WIRE SHIELDED CABLE 

Two No. 16. Six No. 20 tinned, stranded, 
copper, rubber insulated, coded leads. Water* 
proof rubber jacket. Tinned coPl>er armor 
shield overall. New material — No. AE8. 
Lengths to 400 ft. Price lOc/ft.. $90/Mft., 
S700/10Blft.. FOB Chicaxo warehouse. 
Trons-Worid Radio-Television Corp. 
I63t Aberdeen St. Chieace 31. IlL 

Phones: AUpttn RNcIewood 4-4454 



VERTICAL LATERAL 

REPRODUCERS RECONDITIONED 

Types 9-A, S-B. D 93806. MI-48M. UI-48TK-G 
Complete Stock of New Replacement Parts 

for All Typea 
This service is beine used by leading radio 
stations and wired muaic companies from 
coast to coast. Factory prices prevail. 

VIBRATION SYSTEMS, INC. 
1040 W. Fort St. Detroit 26. Uichlsan 
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in(f a fast-moving disc, and all the 
other nerve-shattering disadvantages 
Mr. Canby mentions is like finding a 
diamond on the street. You can listen 
to the music — and not worry. I have 
bought about 15 LP's since Septem- 
ber and will never buy another 78. I 
have even duplicated some of the mu- 
sic I already had on 78's and the dif- 
ference makes the LP music sound 
and feel like a new, unfamiliar com- 
position. 

No matter how good Victor's disc 
sounds (and they do sound good — 
I've tried them) no one can convince 
me that Beethoven scored a pause in 
the orchestration every i'/i minutes. 
As long as the pause is there, it isn't 
Beethoven — it's a "canned" imitation. 

I regret to say that I don't like 
the new cover design as well as the 
old. The magazine, however, is defi- 
nitely keeping up its .standard. 

Richard H. Dorf 
?';5 W. 48th St.. 
New York City 

PRODUCTION TAPE RECORDING 

[from page 21] 

Details concerning the manufacture 
of additional such machines have not 
been completed. 

With the new machine, tape can be 
recorded with a single magnetic pat- 
tern in the center, or with a double 
pattern of two magnetic paths side- 
b.v-sirle on the tape. 

One path plays as the reel unwinds 
forward, the other path functioning 
when the tape reverses, which is ac- 
complished automatically in a frac- 
tion of a second. The double pattern 
affords twice the playing time with 
the same amount of tape. 

The new multiple recording ma- 
chine is designed so that it can re- 
cord either the single or double pat- 
tern t.vpc of tape. It can record both 
paths on the double pattern tape 
simultaneously. In addition, it can 
be adjusted by switch control for re- 
cording different length reels, and 
for different speeds. 

Reels having 600 feet of tape, 
double pattern, and a pla.ving speed 
of 3M inches per second can be turned 
out at the rate of 48 per hour, each 
reel having a full hour's playing time. 

Reels with 1,20<) feet of tape, double 
pattern, and a playing speed of I'/i 
inches per second can he turned out 
at the rate of 32 per hour, each reel 
having one hour of transcribed ma- 
terial. 

In addition, 1,200-foot tape reels 
designed for playing speeds of 15 and 
30 inches per second can be produced, 
it was announced. Master transcrip- 
tions from which the tape records are 
made, can be played at varying speeds, 
to fit the requirements of the job. 



for all TV Cameras 

BALANCED" TV TRIPOD 

Pat. Pending 

This tripod was engineered 
and designed expressly t« 
meet all video camera re- 
quirements. 

Previous concepts of gyro 
and friction type design have 
been discarded to achieve 
absolute balance, effortless 
operation, super-smooth tilt 
and pan action, dependabil- 
ity, ruggedness & efficiency. 

Below : 
3 wheel portable 
dolly with balanced 
TV Tripod mounted. 




Complete 360° pan without 
ragged or jerky movement is 
accomplished wit' effortless con- 
trol. It is impossible to get any- 
thing but perfectly smooth ^J^^ 
pan and tilt action with the 
"BALANCED'" TV Tripod. 

Quick-release pan handle adjust* 
ment locks into position desired 
by operator with no "play" be- 
tween pan handle and tripod 
head .Tripod head mechanism is 
rustproof, completely enclosed, 
never requires adjustments, 
cleaning or lubrication. Built-in 
tpirit level. Telescoping exten- 
sion pan handle. 

Write for further particulars 



flm€Rfl€ouipmenT(o, 




WANTED 

Wrstern Elertrir Varuiim Tube.*. Tjvn lOlF. 
lOZF. Z7ZA or B. 310A or B. 311A, >13C, 
3Z3A. nsA. 3Z9A. .ll^A. :|49A. 3.S2A. 
373A. 3;4A. .19.1A. .'194A. 121A Ballast I.ainpa. 
Box 100. Audio Rnrinrerine. 



Ba«hl*t» br A. C, Shaitty 



Writtin by a fortmost Audio disLi^ tntinttr — 



Yours aimo«t a; a gi 



WANTED 

W. E. Carrier Telephone and Carrier Tele- 
graph Equipment and components. Filters, 
repratinr cniU, traniformers. equalizeri. 
Type CFI. CF2. H. C. anrt other carrier 
equipment, telephone and teleicraph repeat* 
era. Box 101. Aodio Encineerin*. 
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Elem.nh o( M.gn.tTc T.p. Rtcord.", 

•nd <n1 Applic«tionl 
Dircct-Coupl.d FM-AM Amplifier M.ru.l 25( 
20 Step, to Perfect Amplification it H. 

Thousands Sold ! f ub-"-".^, 

Femoul Twir-Tr.i Inltruction BooH A^Jh^^ \ 
Practically a courie in tape re. lV . |PB^H J 

cording. 30 diagrami. illuilrationi. ^'■ ' ' 

m*y bi •ppti«d 
purehai* el ehitiii 



AnuriEi Coir, df AHiitCi 



398-4 Broadway • New York 13, N. Y. 
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CUT COSTS ON 
FILM PRODUCTION 




TO MAKE ROOM, we're sacrificing 
these efficient, automatic film cleaning 
machines— worth $400. .only$194.50 

BETTER BUY THESE TOO 

Stop Watch Film Timers S 24.76 

85 mm Cinephone Recorder 496.00 

Zoomar A I6mm Lens 1176.00 

8' Tripods for Spots, etc 9.96 

Auricon 16mm Recorders 636.00 

Solid Moviola Composite 35 mm.... 396.00 
B&H Sound Printer. Model D.... 1996.00 

Bardwell 5KW Floodlitea 111.76 

Micro 16 mm Sound Readers 147.60 

HouRten 16mm Processirs 34B6.00 

Synchronous Motors 1/12 H.P 67.60 

• For details and catalog STURELAB 
write Dept. G 

S.O.S. CINEMA SUPPLY CORP. 

402 WEST 52nd ST., NEW YORK 19, N.Y. 



HARTLEY-TURNER 

Highest Fidelity Service. 

We use I he word "service" in its real sense, 
meanint; a desire on our part to give you 
honest in*"ormation and advice on the whole 
suhject -if hiKh-tidelity. Traditionally the 
speaker is (he weakest 1 nk in the chain. 
The H-irtloy-Tuiner 215 Speaker, at the 
"ridicii'o .s" Price of $39.50 is one of the 
sti onccr.l . We rj .otc ""ridiculo-is" because 
severni cf-i respondents have called it so for 
a "real hiKh-fidelity speaker'.' But the 215 
SpeaktM- IS desiKned for -suiierl itive Perform- 
ance re-x.-irdless of cost. 

Tty a happy chance (or our skill?) you Ret 
8uperI.nM\e performance at the price of a 
mass-production unit. 

The serv ire we offer cannot cost yoj more 
than ?1. That is the price we nsk for "New 
Not«?s in Radio", a non-partisan iruide to 
the whoU' subject of hicli-fidelity reproduc- 
tion, supplemented by data-sheets Kivinir full 
details of suitable radio units and amplifiers. 

In Britain we sell these units complete, or 
offer them as home-construction kits, for 
our customers are on our door-step. To be 
fair to you who are so for awav we tell you 
all al'o :t them. You can repeat their per- 
formance with American components. What 
you cannot copy is the 215 Speaker. Nor, 
for that matter, can any other country, for 
it embrares the experience of twenty years' 
specialisation in one precise field of en- 
deavour. But the price we ask puts it with- 
in read] of everyone. 

Do remember, however, that the 
price is merely incidental. With us 
everythinfc is subordinate to per- 
formance. 

Cataloic free on request. 

H. A. HARTLEY Co., Ltd. 

152, HAMMERSMITH ROAD, 
LONDON, W. 6, ENGLAND 
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MAXIMUM 
PFJlFOKMANCli: 



Jim Lansing Signature 
Speakers will provide an 
almosl unbelievable real- 
ism. The experience 
gained through a quar- 
ter of a century of lead- 
ership in the sound 
reproduction field has 
gone into their develop- 
ment and design. For 
maximum dynamic range 
and frequency response 
compare Jim Lansing 
Signature Speakers be- 
fore you buy. 





MODEL D-130 

Designed especially 
for music systems 
and public address 
use. Has exception- 
ally high efficiency. 
Recommended for 
operation and fre- 
quencies from 60 to 
6500 C.P.S. with a 
maximum usable 
range of 40 to 15000 
C.P.S. 



MODEL D1002 
TWO WAY SYSTEM 

Designed especially for 
F M Monitoring and high 
quality home sound repro- 
duction, Housed in a 
beautiful console type 
cabinet. 

Write for Descriptive 
Catalog containing com- 
plete specifications. 
SEE YOUR JOBBER 
OR SEND DIRECT 



JAMES B. LANSING 
SOUND INC. 

. TatJi HAYVRNHUHSTAVEMLH 
VAN NUYS, C;ALIft}K>JIA 
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Here's the 
Recorder 
You asked for! 




The best features of Presto's dual motor 
gear drive with the overhead mechanism 
and turntable of the famous Presto 6-N. 

Yi:s, engineers have often asked us for a 
compact, economical yet liigh-(iiiality re- 
corder. Now you may liave it in the I'resto 
66-0 for standard and microgroox e recording. 

Here is a irnit ideally suited and priced for 
the typical broadcast station or large tran- 
scription r.ianufacrurer. List price, Standard 
Model. $996! additional for micro- 

groove. ) 

Here's perfection in total speed regulation 
and very low mechanical disturbance, thanks 
to the standard I'resto dual motor gear drive. 
Here's high-ciuality recording, too, for the 
66-(i, of course, includes the I'resto 1-D cut- 
ting head. 

^bu ll find 66-G C(iiial to the most e.xacting 
recording tasks when used with suitable am- 
plifiers such as I'resto 92-A recording ampli- 
fier and 41-A llmitcr amplifier. 



f OR HIGHEST HDUITY . . . ITS PRISTO DISCS 

Microgroove, even more than standard recording, 
demands a perfect disc. The answer is Presto. For, 
sixteen years ago. Presto made the first lacquer>coated 
discs . . . and today Presto discs are firtt in quality. 




RECORDING CORPORATION 

Paramus, New Jersey 




READY NOW: Magnetic Tape Recorder 

^ou probably saw Presto's new super(iu.-lity mag- 
netic tape recorder at the I.R.I'". Shdw. If not, be 
sure to see it in I'resto's room at the N.A.I5. Con- 
vention in Chicago. 



Mailing Address: P. O. Box 500, Hackensack, N. J. 
^ ^ In Canada: WALTER P. DOWNS, LTD., Dominion Sq. BIdg., Montreal 

woRi.irs /..iRci:sr M.txrrAcri /irR or i.vstaxtaxi-ous sov.v/) recoriu xc, EnviryfF.XT .\xn discs 
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CG VARIMATCH OUTPUTS fOR P. A. 

Uni venal uniti doiigncd to match any tubei wi.hin th» rated autput 
power, to line or voke coll. Output impedonre 5O9. 200, 50. 16. 8. 5. 
3, 1.5 ohrni. Primory impedance 2000. 5000. 600i, 7000, 8000. 10,000, 
14.000 ohmi. 

Type Aedla Llit 

No.. Wartt Typical Tubci Prite 

CVP-t li 43, 45. 47, 2A3. 6Ati. tiKB. liC-Lti % 9.00 



42, 45, 2A3, 6L6. 6VU. 6B5 

" 46 », 50 I, 30OA S. 6Hi s, 801, 807 " 



, i-Bl^ i. 8^5'i 



C V P-5 :> 00 J ] I, JrJA'a. 203A-I, lj38'!i. « 845 1. ZB-120-* 50^0 

CG VARIMATCH UHl 
TO VOICE COIL TRAKSFORMERS 

The UTC VARIMATCH line to voice coil traniformeri will match any 
voice coll or group of voice colli to a 50C ohrv 'Ine. More than 50 
voice coil combinatloni con be obtained, at fcllowf. 

.2. .4, .5, .62. 1, 1.25, 1.5, 2, 2.5. J. 3.3, 3.8, 4, 4.5, 
5, 5.5. 6, 6.25, 6.6 7, 7.5, 8, 9. 10. 11, 12, 14, 15, 
16, 18, 20, 25, 28, 30, 31, 40, 47, 50, 63, 69, 75. 



Typr Audio 
N>. .Valti 


PrtmiiTf Seconf^ry 
Impedance Impadnnce 


List 
Price 


CVL-I 19 


5U0 ohms .2 to 75 ahioi 


$ 8.00 


CV1.-2 <0 


500 ohmit .2 to 75 Cm* 


11.50 


CVL-3 7.^ 


500 ohms .2 to 75 'ihmi 


17.50 


CG VARIMATCH MODULATION UNITS 

Will match ony modulotor tubei to any RF load. 

Primary impedances from 500 to 20,000 ohmi 
Secondary impedancei from 30,000 to 300 ohm) 


Max. Max. 
Type Audio Cliu C 
No. Watt! Input 


Typical Modulator Tubet 


Ll*t 
Price 


CVM-O I'J 25 


30. 49. 79, 6A6. 53. 2A5. 6B5 




CVM.| 30 60 


6V6. 6B5, ^A3. 42. 46. 6LC. 210 


14.00 


CVM-2 60 125 


801. 6L6. 80i». 4-46, T-2Q. Id08 


20.50 


CVM-3 125 250 


800. 807, 845. TZ-20, 35-T 


30.00 


CVM<4 300 600 


50-T. 203A, 805. 838^J 55. ZB-120 


50.00 


CVM-5 €00 1200 


805. HF-300. 204A. hK-351. 250TU 


( 115.00 



INPUT, INTERSTAGE, MIXING AND 
LOW LEVEL OUTPUT TRANSFORMERS 

(300 ohm windings ore liolonced and con be uied for 350 ohmi) 



CG 
Typ« 
tts. 


Prlnary 
Impedancg 
Application Ohms 


Secondary 
Impedance 
Ohms 


List 
Price 


131 


1 plate to 1 cild 


13.000 


135,000 3:1 ratio 


S 9,50 


132 


1 plate to 2 Krtds 


15.000 


135.000 centertapped 
3:1 ratio overall 


10.00 


133 


2 platesi to 2 eiidn 


30.000 P U) P 


80.000 overill 
1.6:1 ratio o^-crall 


12.50 


134 


Line to 1 Krld 
hum- bucking 


50. 200. 500 


80,000 


12.50 


135 


Line to 2 grid! 
hum-bucklnfc 


59. 200. 500 


1J0,000 overall 


13.50 


235 


Line to 1 or 2 jrlds, 
hum-burklnc; mul- 
tiple alloy ihlelded 
for low hum pickup 


5U. 200. 500 
ohms 


80,000 overall 


17.50 


136 


Single pUle ami low 
Impedance mike or 
line to 1 or 2 grids 
Hum -bucking 


15.00U, 50, 200 


80.0U0 orerall 


13.50 


233 


PP 6C5, 56, similar 
trlodes to AU 45's. 
2A3's. 6L6's. etc. 


30.000 P to P 


'J5,000 overall 
,U:1 ratio overall 


11.00 


333 


PP 6C5, M. ilmllur 
iriodei to flsed bias 
8L6'i 


£0.000 P to P 


7.500 overall 
.5:1 ratio overall^ 


11.00 


433 


PP 45. 2A3. ilmllar 
tubei to flie-i bias 
2 or 4 6L6'i 


5.000 P to P 


1,250 overall 
.5:1 ratio i>Terall 


12,00 


137 


Mixing 


.10. 200. 5oe 


50. 200, 500 


10.00 


140 


Trlode. plate to line 


15,000 


50. 200, 500 


12.00 


141 


PP triode plates to 
line 


15.000 


dd. 200. 500 


13.50 



